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Background: Disease-related gait dysfunction causes extensive disability for persons with Parkinson's disease
(PD), with no effective therapies currently available. The potassium channel blocker dalfampridine has been
used in multiple neurological conditions and improves walking in persons with multiple sclerosis.
Objectives: We aimed to evaluate the effect of dalfampridine extended release (D-ER) 10 mg tablets twice daily
on different domains of walking in participants with PD.
Methods: Twenty-two participants with PD and gait dysfunction were randomized to receive D-ER 10 mg twice
daily or placebo for 4 weeks in a crossover design with a 2-week washout period. The primary outcomes were
change in the gait velocity and stride length.
Results: At 4 weeks, gait velocity was not significantly different between D-ER (0.89 m/s ± 0.33) and placebo
(0.93m/s± 0.27) conditions. The stride lengthwas also similar between conditions: 0.96m±0.38 for D-ER ver-
sus 1.06 m ± 0.33 for placebo. D-ER was generally well tolerated with the most frequent side effects being diz-
ziness, nausea and balance problems.
Conclusions:D-ER iswell tolerated in PD patients, however it did not show significant benefit for gait impairment.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Gait dysfunction and postural instability represent major therapeu-
tic challenges for persons with Parkinson's disease (PD). Axial symp-
toms such as freezing of gait and postural instability, are known to be
dopamine resistant in PD, and as such, non-dopaminergic approaches
are considered a viable alternative [1]. The pathogenesis of gait imbal-
ance is not completely understood, but there is consensus that apart
from substantia nigra degeneration, the loss of specific brainstem neu-
ronal populations play a key role in gait dysfunction in PD [2]. These
may include, among others, cholinergic neurons from pedunculo-ponti-
ne nucleus (PPN), noradrenergic neurons from locus coeruleus (LC) and
serotoninergic raphe nuclei. Correlation between the severity of some
parkinsonian symptoms and the reduction in particular monoamines
such as norepinephrine, glutamine and dopamine [3,4] suggest that in
PD there is widespread neurodegeneration involving multiple
neurotransmitters.

Efforts to enhancemonoamines in order to improve gait have shown
mixed results. Donepezil, a cholinesterase inhibitor, has been shown to

decrease risk of falls in patients with PD. [5] Methylphenidate releases
both dopamine and noradrenaline in the frontal cortex, but its use failed
to result in a significant improvement in gait.in PD patients [6] while
high doses seem to be effective for FOG post deep brain stimulation
(DBS) [7] Droxidopa, a noradrenergic prodrug, has been approved for
use in Japan since 1989 for treatment of freezing of gait (FOG) associat-
ed with PD [8], however atomoxetine, a central adrenergic agonist, did
not show any effect on freezing of gait in subjects with PD. [9] Amanta-
dine, anNMDA antagonist, was associatedwith reduced FOG in patients
who had undergone deep brain stimulation (DBS) [10].

Dalfampridine (4-aminopyridine; 4-AP) is a K-channel blocker that
has been shown to improve mobility in people with multiple sclerosis
(MS). Two large double-blind, multicenter, randomized clinical trials
in subjects with MS showed that the sustained-release 4-AP improved
walking ability [11,12]. This improvement was associated with a reduc-
tion in patient-reported ambulatory disability, and was a clinically
meaningful therapeutic benefit. 4-AP also improved walking, as
shown by a higher proportion of subjects that had gait improvement
in the 4-AP-treated group (42.9% versus the placebo-treated group
9.3%) [12].

Despite a limited understanding of itsmechanismof action, 4-AP has
been used for many years in humans with various neurological condi-
tions such as multiple sclerosis, spinal cord injury (SCI), cerebellar
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ataxia, and Lambert Eaton syndrome. Experimental data suggest that 4-
AP has neuromodulatory properties; it increases neurotransmitter re-
lease at multiple levels in cortical and subcortical structures, and im-
proves conduction velocity in gait-related networks [13]. A case report
of 4-AP use in a subject with PD and severe FOG suggested that 4-AP
could improve FOG, based on increased stride length and improved
gait variability [14]. Based on its pharmacological profile, ability to en-
hance multiple neurotransmitter release and promising clinical data in
patients with multiple sclerosis [11,12] we hypothesized that D-ER
will improve gait velocity, stride length and decrease FOG in PD patients
with mild to moderate gait dysfunction To evaluate the efficacy of D-ER
for the treatment of gait impairment in PDwe carried out a randomized,
double-blind, placebo-control, cross-over trial of extended release
dalfampridine (D-ER) in a PD cohort with moderate gait impairment.

2. Methods

2.1. Study design

The study was a single-center double-blind, placebo-controlled
cross-over study designed to assess the effect of D-ER on walking in
people with PD and gait dysfunction. Based on previous trials in multi-
ple sclerosis a dose of 10 mg twice daily was selected and each patient
served as their own control in the crossover design. After screening, par-
ticipants were randomized 1:1 to either placebo-D-ER arm or D-ER-pla-
cebo arm. Each treatment phase lasted 4weeks, with a 2 weekwashout
between the two treatment phases (see Fig. 1). Measurements were
performedwhile ON levodopa at baseline, 1 h after drug administration
(D-ER 1-h) and at 4 weeks (D-ER 4-wk). The studywas approved by in-
stitutional board review (clinicaltrials.govNCT01491022) of theUniver-
sity of Miami and all participants provided written informed consent
prior to enrollment.

2.2. Study participants

Subjects were recruited from the University of Miami movement
disorders clinic to participate in the trial. Inclusion criteria included: di-
agnosis of idiopathic PDwithmoderate to advanced PDHoehn and Yahr
Stage 2–3, stable dosage of a dopamine agonist and/or levodopa, able to
walk at least 25 ft, and with presence of FOG despite levodopa treat-
ment. All subjects underwent a preliminary assessment of their gait
using the FOGQ and gait subscore fromMDS-UPDRS and were included
if they demonstrated mild to moderate gait impairment. Exclusion
criteria included: active or prior history of seizures, renal insufficiency,
cardiac arrhythmia, diagnosis of dementia, treatment with DBS, severe
arthritis, or women of childbearing potential.

2.3. Outcome measures

The primary outcomemeasurewas change in gait velocity and stride
length from baseline. Baseline measurements of the gait kinematics
were performed while ON levodopa before study drug administration.
All clinical assessments of motor function were performed by the
PI(CCL) who was blinded to treatment phase. Gait kinematics were
assessed pre and post treatment 1 h after intake of study drug and at

4 weeks, with three trials captured in each testing session, using wire-
less sensors (Mobility Lab, APDM Inc). Secondary outcomemeasures in-
cluded: 3 m Timed Up and Go test (TUG), Timed 25 ft walk test
(T25FW). Unified Parkinson Disease Rating Scale (UPDRS, part III),
Freezing of Gait Questionnaire (FOGQ), and Postural Instability and
Gait Dysfunction (PIGD) subscore. Safety and tolerability were assessed
by monitoring adverse events (AE) reported at each visit and during a
telephone follow up one week after treatment initiation.

2.4. Statistical analysis

A sample size of 22 PD subjectswas calculated to achieve at least 80%
power to uncover an effect size of 0.94 at a significance level of 0.05 for a
two-sided test. This effect size corresponds to a mean difference of
14 cm in stride length given that the square root of the within-mean
square error is 15. For the data analysis, we estimated frequencies of ad-
verse events, central tendency and variability for demographic charac-
teristics, T25FW, TUG, FOGQ and UPDRS score. Intent-to-treat (ITT)
analysis was performed to evaluate the effect of D-ER on changes in
T25FW, TUG, FOGQ and UPDRS score using mix-effects models that in-
cluded both fixed and random subject-effects. All analyses were con-
ducted using SAS (version 9.2, SAS Institute Inc., Cary, NC).

3. Results

3.1. Study participants, demographics and baseline characteristics

A total of 39 subjects signed informed consent at ourMovement Dis-
order Center, 22 subjects were randomized, 12 to placebo-D-ER arm,
and 10 to D-ER-placebo arm. Eighteen subjects completed all study
visits, 3 subjects discontinued the drug due to adverse events (2 while
on D-ER, 1 while on placebo), one withdrew consent after randomiza-
tion (Fig. 2). The data from20participantswas included in the statistical
analysis. Subject demographics are described in Table 1. The mean age
was 67.5 years, average disease duration of 9.7 years and levodopa
daily dose of 612 mg. Participants enrolled in the study had significant
disability: mean UPDRS part 3 was 36.6 ± 14.1 with gait dysfunction
PIGD subscore of 7.9(±4.7), mean FOGQ 14.1±5.3, TUG = 18.5 s
(±9.5) and T25FW= 13.2 s (±6.9). No significant differences in base-
line characteristics were seen between the 2 treatment arms.

3.2. Primary outcome measures: stride length and gait velocity

The changes in velocity and stride length from baseline are illustrat-
ed in Table 2. There was no significant difference between the 2 phases
in change in gait velocity (−0.01 m/s, p = 0.63) or stride length
(−0.06 m, p = 0.17) at 1-hour after drug administration or at
4 weeks. In the D-ER phase, gait velocity was 0.89 ± 0.33 m/s while in
the placebo phase was 0.93 ± 0.27m/s. The stride length was also sim-
ilar between phases: 0.96 ± 0.38 m for D-ER versus 1.06 ± 0.33 m for
placebo. There was a trend toward improvement in the motor UPDRS
(−2.81, p = 0.16) and FOGQ (0.95 p = 0.16) after 4 weeks of D-ER
treatment.

Fig. 1. Study timeline after screening, participants were randomized 1:1 to receive either placebo or D-ER for 4 weeks, with a 2 week washout.
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