
findings were localized to the contralateral motor and
sensory leg homunculi. This observation raises specula-
tion that perhaps the combined loss of this cortical motor
and sensory representation is the basis for the alien
leg-like phenomenon observed in these 2 patients. This
explanation is in general agreement with autopsy find-
ings that cortical atrophy was especially prominent in the
precentral gyrus.15 Whereas asymmetric parietal and/or
frontal cortical atrophy is often present in the CBD, focal
signal changes in a specific homunculus, especially the
leg area, is extremely rare.10–13 The pathological basis
for the increased signal changes on the FLAIR images is
open to speculation. This finding might represent neuro-
nal loss with secondary gliosis, deposition of tau-positive
histopathology, or some combination of CBD pathology.
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Abstract: We report our experience with 7 consecutive
patients with Parkinson’s disease (PD) who received
rimantadine (the �-methyl derivative of amantadine) in
substitution of amantadine due to peripheral side effects
(lower limb edema, livedo reticularis). Mean age was
67.3 � 5.9 years, the mean disease duration was 13 � 6.3
years, and mean Hoehn and Yahr stage was 2.2 � 0.4. A
total of 3 patients experienced marked improvement of
edema, and 1 patient experienced marked improvement
of livedo reticularis. Only 1 of the 7 patients reported
significant loss of motor benefit when amantadine was
replaced with rimantadine. Our results demonstrate that
rimantadine may be considered as an alternative to
amantadine in patients experiencing amantadine-
induced peripheral side effects. © 2005 Movement Disor-
der Society
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edema

The N-methyl-D-aspartate (NMDA) antagonist aman-
tadine has been used for the symptomatic treatment of
PD since the 1970s.1 Recent renewed interest in aman-
tadine due to its antidyskinetic effects2,3 has led to a
substantial increase in its use. However, many patients
receiving amantadine experience its peripheral adverse
effects (AEs), including peripheral lower limb edema
and livedo reticularis.4 The reported incidence of these
AEs in patients with amantadine-treated Parkinson’s dis-
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ease (PD) is highly variable and ranges from 28% to 90%
in different studies.5–7

Rimantadine (the �-methyl derivative of amantadine,
also an adamantine derivative) has similar anti-viral and
neuropharmacological properties (NMDA antagonist) as
amantadine but has fewer adverse effects than amanti-
dine when used as an anti-viral agent in elderly.8 The
motor benefits of rimantadine in the treatment of PD
were reported in a small open-label trial that included 14
patients (12 de novo and 2 on levodopa treatment) with
Hoehn and Yahr Stage (HY)9 2 to 3, placed on rimanta-
dine at doses of 100 to 300 mg/day.10 Our report de-
scribes the use of rimantadine as an alternative to aman-
tadine in a series of 7 PD patients who discontinued the
use of amantadine due to peripheral side effects.

PATIENTS AND METHODS

We conducted a retrospective study of 7 consecutive
patients with PD (mean age, 67.3 � 5.9 years; mean
disease duration, 13 � 6.3 years; HY 2.2 � 0.4) who
received rimantadine as an alternative to amantadine
after developing severe peripheral side effects (edema or
livedo reticularis). All patients were diagnosed and fol-
lowed-up at the Movement Disorders Clinic of the De-
partment of Neurology of University of Miami, School
of Medicine. All patients had a diagnosis of idiopathic
PD according to the PD Society Brain Bank criteria.11

No patient with evidence of secondary or other parkin-
sonian disorder was included in this report.

In some patients, rimantadine was started on the day
after the last day of amantadine either by immediate
substitution of the dose (Cases 1 and 2) or gradual
introduction (Case 4). In others (Cases 3, 5, 6, 7), riman-

tadine was introduced gradually by 100 mg/week to a
maximum of 200 to 300 mg/day while amantadine was
concurrently tapered. All patients were seen at least once
in follow-up (3–4 months later) by the same neurologist
(C.S.). Follow-up ranged from 4 to 19 months (observa-
tion period). Parameters studied included a global im-
pression scale of (a) patients’ motor response to aman-
tadine and rimantadine (0 � no benefit, 1 � mild, 2 �
moderate, 3 � marked) and (b) patients’ severity of AEs
(0 � no AE, 1 � mild, 2 � moderate, 3 �marked). The
HY scale was used for disease staging. Averaged data
were analyzed using a paired t test. Analysis was con-
ducted using SPSS for Windows release 11.0 (SPSS,
Inc., Chicago, IL). Probability values of � 0.05 were
considered statistically significant. Overviews of the de-
mographic and clinical characteristics of the PD patients
included as well as therapeutic results are presented in
Table 1. A comparison of the motor benefit and the
severity of AEs of both amantadine and rimantadine are
presented in Table 2. The study was approved by the
local institutional research review committee.

Case Reports

Case 1.

A 64-year-old woman with an 18-year history of PD
(HY 2) developed frequent and marked freezing episodes
that compromised her gait. The freezing episodes per-
sisted despite treatment with optimal doses of carbidopa/
L-dopa, pergolide, and selegiline. The frequency and the
severity of the freezing episodes decreased upon the
addition of amantadine 200 mg/day. Four months later,
the patient developed bilateral severe leg edema that was

TABLE 1. Demographics, clinical picture, and therapeutic response to rimantadine

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Gender F F F F F F F
Age (yr) 68 73 60 73 73 63 61
Duration (yr) 22 18 6 14 12 15 4
HY stage 2 2 2.5 2 2 3 2
PD symptoms Tr, Fr, Imb Br, Fr Tr Tr, Br Tr, Br Br, Fr, Imb Tr
L-dopa motor complications w/o Dysk, on–off No No No w/o Dysk
Other medication DA, Seleg,

Ent
Seleg DA DA, seleg Seleg DA DA

Dose of Amantadine (mg/day) 200 200 300 300 300 300 300
AE of amantadine E E, U E E LR E, SK E, SK
Dose of rimantadine (mg/day) 200 200 200 300 200 300 300
Observation period (mo.) 12 7 0.5 4 4 19 1
Motor benefit Y Y N Y Y Y Y
AE of rimantadine N N Ya Yb N Yb Ya

aPersistence of severe edema induced by amantadine.
bMild peripheral adverse effects not leading to discontinuation of rimantadine.
Tr, tremor; Br, bradykinesia; Imb, imbalance; Fr, freezing; w/o, wearing-off; dysk, dyskinesia; DA, dopamine agonist; Seleg, selegiline; Ent,

entacapone; AE, adverse effect; E, edema; U, ulcers; LR, livedo reticularis; SK, skin changes; HY, Hoehn and Yahr stage; Y, yes; N, no.
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only partially responsive to diuretics. An effort to grad-
ually decrease and discontinue the amantadine resulted
in worsening of the freezing spells. Amantadine was
reintroduced to control the freezing. Two years later,
because of marked pitting edema, rimantadine 200 mg/
day was substituted for amantadine. Three weeks after
the substitution, the edema disappeared. The effect of
rimantadine on the freezing spells was comparable to
amantadine and has persisted over a period of 12 months.

Case 2.

A 65-year-old woman with a 10-year history of PD
(HY 2) developed freezing episodes, dystonic leg
cramps, and dyskinesias while on carbidopa/L-dopa and
selegiline. Amantadine 200 mg/day was added and re-
sulted in a substantial decrease in the frequency and
severity of her freezing spells, her dystonic leg cramps,
and her dyskinesias. Four months later, she developed
bilateral, peripheral lower limb edema. Although she was
advised the edema was related to amantadine, she in-
sisted on continuing the drug because of its beneficial
effects on her symptoms. Four years later, amantadine
was discontinued because the edema became compli-
cated with ulceration of the skin. Rimantadine 200 mg/
day was substituted for amantadine. Within a month,
there was a marked decrease in her edema with healing
of her leg ulcers. The effects of rimantadine on the
freezing spells, the dystonic leg cramps, and the dyski-
nesia were comparable to those of amantadine and have
persisted over a period of 7 months.

Case 3.

A 60-year-old woman had been symptomatic for 6
years, initially with right upper limb rest tremor. Three
years into the disease (HY 2.5), while on a dopamine
agonist (pramipexole), amantadine was added at a dose
of 300 mg/day with additional improvement of her bi-
lateral rest tremor. However, 6 months later, severe bi-
lateral pitting edema of the lower extremities developed.
Rimantadine was gradually introduced (starting at 100
mg/day, up to 200 mg/day after 7 days), and amantadine
was gradually discontinued over the same period. How-
ever, rimantadine was also discontinued after only a few
weeks of administration because the edema did not im-
prove and the patient lost the motor benefit that she
experienced with amantadine.

Case 4.

A 73-year-old woman was diagnosed with PD at age
59 when she reported left upper extremity rest tremor.
Nine years into the disease (HY 2), while on
pramipexole, she was started on amantadine (200 mg/
day) with a motor benefit to her rest tremor. The patient
had a history of edema preceding the onset of treatment
with amantadine, but with the addition of amantadine
there was a further increase of her lower limb edema.
Amantadine was discontinued 3 years later due to severe
leg edema with skin changes, and rimantadine was
started and was gradually increased to 300 mg/day over
a period of 3 weeks. There was marked amelioration of
the edema within a few weeks and persistent benefit on
her rest tremor. Both effects were still present when she
was seen 4 months later.

Case 5.

A 73-year-old woman had been symptomatic for 12
years (HY 2), initially with right upper limb involve-
ment. A trial of L-dopa had to be discontinued due to
persistent nausea and vomiting. Selegiline was used for
the ensuing several years. Amantadine was subsequently
initiated for additional control of her progressive bilat-
eral motor symptoms. Two years after receiving 300
mg/day of amantadine, she developed livedo reticularis
without edema that did not respond to a decrease in dose
(200 mg/day). Amantadine was then gradually substi-
tuted with rimantadine (200 mg/day), with a beneficial
effect on the livedo reticularis and only a slight decrease
of benefit in motor function. Four months later, the
patient has had no adverse effects and still experiences
benefit from rimantadine use.

TABLE 2. Rating of motor response and severity of adverse
events using a four-point scale

Case

Tx with amantadine Tx with rimantadine

Motor
benefit

Severity
of AE

Motor
benefit

Severity of
AE

1 3 3 3 0
2 3 3 3 1
3 2 3 1 3
4 2 3 2 1
5 2 3 1 1
6 3 3 3 1
7 3 3 3 3

Mean (SD) 2.57 (0.53) 3 (0.0) 2.29 (0.95) 1.43 (1.13)
P 0.17a 0.01b

aP value for the comparison of motor benefit of amantadine vs.
rimantadine.

bP value for the comparison of AE severity of amantadine vs.
rimantadine.

Motor benefit: 0 � no benefit, 1 � mild, 2 � moderate, 3 � marked.
Severity of AE: 0 � no AE, 1 � mild, 2 � moderate, 3 � marked. AE,
adverse effect; Tx, treatment.
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Case 6.

A 63-year-old woman had been symptomatic for 15
years (HY 3), initially with progressive slowing of motor
function and later with gait difficulties and imbalance.
Three years ago, while on L-dopa and ropinirole, she was
started on amantadine (300 mg/day) to further control
her severe bradykinesia and freezing spells, with an
excellent response to it. A few months later, she devel-
oped persistent problems with lower limb, bilateral
edema secondary to amantadine but continued this med-
ication due to its substantial benefit to her motor perfor-
mance. One year later, there was an attempt to decrease
the dose of amantadine to 100 mg/day with deterioration
of her parkinsonian symptoms. Eventually, the patient
started developing lower limb skin changes. Amantadine
was gradually substituted with rimantadine (300 mg/day)
with marked improvement in the skin changes (while on
concurrent topical dermatological treatment) but only
mild improvement of her lower limb edema. There was
no loss of benefit in the control of motor symptoms.
When seen 19 months later, she continued to experience
motor benefit from rimantadine without side-effects.

Case 7.

A 61-year-old woman has been symptomatic for 4
years (HY 2), initially with tremor-predominant lower
limb parkinsonism. Two years into her disease and after
unsuccessful separate trials of pramipexole and L-dopa
(due to side effects), she was started on amantadine (300
mg/day) with an excellent initial motor response. One
year after the initiation of treatment, she developed bi-
lateral lower limb edema and skin changes secondary to
amantadine. After edema did not respond to reduction of
amantadine to 100 mg/day, amantadine was gradually
substituted with rimantadine (300 mg), without any loss
of motor benefit. However, there was no improvement in
the bilateral lower limb edema or the skin changes, and
rimantadine was also discontinued after a period of 1
month.

RESULTS AND DISCUSSION

Of the 7 PD patients placed on rimantadine in substi-
tution of amantadine, 3 (Cases 1, 2, and 4) experienced
marked improvement of edema, and 1 patient (Case 5)
experienced marked improvement of livedo reticularis
(without edema). An additional patient (Case 6) had
improvement in skin changes but also had received top-
ical dermatological treatment and had no concurrent im-
provement of edema. Only 1 of the 7 patients (Case 3)
reported loss of the motor benefit that had been attained
with amantadine. Altogether, 6 of the 7 cases continued

experiencing the motor benefit of amantadine. In fact,
statistical analysis did not show a significant difference
(P � 0.17) between patients receiving amantadine and
those receiving rimantadine. However, the overall sever-
ity of AEs was significantly lower in patients receiving
rimantadine (P � 0.01).

In the only open-label study on the motor effects of
rimantadine in PD,10 side effects were reported in 5 of 14
(30%) patients (nausea, dry eyes, dry mouth, fatigability,
and insomnia). They were mild, transient, and did not
include edema or livedo reticularis. In our series, only 2
patients experienced persistence of the edema originally
induced by the amantadine (see Table 1). None of our
patients experienced central nervous system adverse ef-
fects from amantadine or rimantadine. The incidence of
central nervous system toxicity is also reported to be
lower in rimantadine compared with amantadine, when
used for their anti-viral properties.12 It is also of interest
to note that all of our patients were female. It has been
suggested that the peripheral side effects of amantadine
are more frequent in female patients.13

The mechanism by which amantadine produces its
peripheral side effects is unknown. It has been suggested
that amantadine may induce edema and livedo reticularis
as a result of the release of vasoactive substances within
the nerve terminal, which may effect the microvascula-
ture of the skin.13 Amantadine is known to cause deple-
tion of catecholamines at the peripheral nerve termi-
nals,14 and this action is perhaps the mechanism of its
microvascular effect. One could speculate that the altered
structure of rimantadine (the alpha-methyl derivative of
amantadine) and its different metabolic pathway (hepatic
for rimantadine vs. renal for amantadine) may be in-
volved in the improvement of adverse effects seen when
amantadine is substituted with rimantadine.

Our report has certain limitations commonly seen in
retrospective studies. Although the diagnosis of PD was
based on standard clinical criteria, symptoms were re-
corded and evaluated by medical chart review. Motor
symptom benefit and severity of AEs were rated using a
four-point subjective scale.

In conclusion, our study has shown that rimantadine
provides a benefit to motor symptoms in PD patients
previously responsive to amantadine and appears to have
the advantage of less peripheral-inducing side effects. A
double-blind cross-over trial of amantadine versus
rimantadine in PD is warranted to validate our finding.
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Abstract: Botulinum toxin type B (BTX-B) has been ap-
proved by the Food and Drug Administration for the treat-
ment of cervical dystonia. However, as with botulinum
toxin type A (BTX-A) it has off-label uses, such as for
hyperhidrosis, focal dystonias, spasticity, and facial wrin-
kles. BTX-B has also been shown to be a safe and effective
alternative for patients who are resistant to BTX-A. The
most commonly reported side effects include dry mouth
and dysphagia. To date, there have been few reports of
visual disturbances associated with BTX-B use. In this
study, we report on three individual patients who received
BTX-B and who subsequently developed parasympathetic
dysfunction of the visual system after injections of BTX-B
at remote sites. © 2005 Movement Disorder Society

Key words: side effects of botulinum toxin B; parasympa-
thetic dysfunction; visual system disturbance

Injections of botulinum toxin type B (BTX-B) and
botulinum toxin type A (BTX-A) are effective for many
clinical disorders that involve involuntary muscle activ-
ity or increased muscle tone. The United States Food and
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