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Editorial

Management of Parkinson’s Disease: An Evidence-Based Review*™

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 fields'). 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 medicine? 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 colleagues®:

“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
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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.*

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.’

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 reviews® 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.’

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.®* 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.'®

Another limitation is that the primary source of evidence were
electronic databases, which provides incomplete lists of papers.!!
For Level-1I 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):
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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
* Aanticholinergics
* Levodopa
¢ MAO-B inhibitors
e 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.!?
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

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

Level-II studies

Non-controlled studies like
case series

Level-III studies

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 checklist®, 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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Table 3 Rating Scale for Quality of Evidence

Yes Unclear/ No N/A
Possibly
RESULTS
1. Is an estimate of the treatment effect given 1 N/A
2. Is it of clinical importance 1 N/A
3. Is the estimate of treatment effect sufficiently precise 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
STATISTICALANALYSIS
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) ©
OVERALL RATING (A/C expressed as a percentage) %

N/A=not applicable establishing conclusions

Movement Disorders, Vol. 17, Suppl. 4, 2002
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SAFETY EVALUATION"

As previously mentioned, safety profiles and tolerability of
the interventions considered are described using a narrative, non-
systematic approach'. 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.

Table 4. Definitions for specific recommendations

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.

Efficacy Conclusions Definition

Required Evidence

Efficacious

Evidence shows that the intervention has
a positive effect on studied outcomes

Supported by data from at least one high-
quality (score > 75%) RCT without
conflicting Level-I data

Likely efficacious

Evidence suggests, but is not sufficient
to show, that the intervention has a positive
effect on studied outcomes

Supported by data from any Level-I trial
without conflicting Level-I data

Unlikely efficacious

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

Non-efficacious

Evidence shows that the intervention does
not have a positive effect on studied
outcomes

Supported by data from at least one high-
quality (score > 75%) RCT without
conflicting Level I data

Insufficient evidence

There is not enough evidence either for
or against efficacy of the intervention in
treatment of Parkinson’s disease

All the circumstances not covered by the
previous statements

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

Movement Disorders, Vol. 17, Suppl. 4, 2002
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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.! 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.? 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-

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

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.' 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.’

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.’

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-
tinuation*$, 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;
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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, Duvoisin’ 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 Nashold? 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.

PHARMA COKINETICS

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

Tivainen (1974)°: 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)'° 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)"! performed a randomized, double-blind
study in 30 patients who were taking L-dopa (without decarboxy-
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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)'%: In a randomized, double-blind cross-
over study over 30 weeks, Wallace'? 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)": 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)* 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)"> 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)'¢ 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)'7: 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)'%: 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)" 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)*: 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)! 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)?? 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 19.0to 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.?

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)*, 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)®, and — frequently — dry mucous mem-
branes. Gingivitis and caries due to this latter effect may occur
and rarely lead to loss of teeth.? 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).?**’

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.?®* 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.*® 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
on®! or increased*? 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-
ment®, and in some, dyskinesias were reported to be predomi-
nantly orobuccolingual with a tendency to spread to the limbs with
higher doses.* 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.*¢
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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.! 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.”

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 dyskinesias®* 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.
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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, Asian Influenza.’
Originally, amantadine was fortuitously noted to be useful in re-
lieving clinical symptoms in a single patient with PD.!

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 terminals® 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.” Postsynaptically, amanta-
dine exerts a direct effect on dopamine receptors® thereby intro-
ducing changes in the dopamine receptor affinity.® 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.®

In addition, nondopaminergic properties of amantadine are pro-
posed, including an anticholinergic action’ and a NMDA glutamate
receptor blockade!®!!

PHARMA COKINETICS

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."? 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)"*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)"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)" 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
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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)'¢ 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)" 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)" 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-IIT 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)" 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)* 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)*' 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)? 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)* compared the effectiveness of amanta-
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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)** 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)%, 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)* 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).

Silveretal. (1971)%, 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)%, 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)% 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)* 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-1I Studies

Millac et al. (1970)* 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)% 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
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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)* 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-1 Studies

Verhagen et al. (1998)* 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 onitem
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)** 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-I11I Studies

Shannon et al. (1987)* 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
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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)* 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)* also published the results of a 1-year
follow-up to the previous study*, 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.* Adverse reactions were not reported. This study had an
overall quality rating score of 78%.

Snow et al. (2000)* performed a similar study to Verhagen and
colleagues***, 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
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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)* 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.”” 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.
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MEMANTINE
BASIC PHARMACOLOGY
MECHANISM OF ACTION

Memantine (1-amino-3,5-dimethyladamantane) is a compound
that has been proposed to be beneficial in PD.* 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 concentrations®,
and reduces NMDA-induced membrane currents.*” 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.

PHARMA COKINETICS
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-II1 Studies

Rabey et al. (1992)* 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.

PHARMA COKINETICS
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-11I Studies

Montastruc et al. (1992)* 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.
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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 receptors®, 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.*

PHARMA COKINETICS

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).* 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-1 Studies

No qualified studies were identified.

Level-II Studies

No qualified studies were identified.

Level-III Studies

Bonuccelli et al. (1992)*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.*’ 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-1I Studies
Verhagen et al. (1998)* 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
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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.

PHARMA COKINETICS

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)* 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)%, 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-1 Studies

No qualified studies were identified.

Level-II Studies

No qualified studies were identified.

Level-II1 Studies

Spieker et al. (1999)°!, 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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