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Abstract

Purpose of review: To identify the different indica-
tions for the treatment of neurologic disorders with
the potassium channel blockers 4-aminopyridine
(4-AP) and 3,4-diaminopyridine (3,4-DAP). Recent
findings: 4-AP is an effective symptomatic treatment
for downbeat nystagmus (DBN), episodic ataxia type
2 (EA2) (5-10 mg TID), and impaired gait in multiple
sclerosis (MS) (10 mg BID). 3,4-DAP (5 mg/d-20 mg
TID) improves symptoms in Lambert-Eaton myas-
thenic syndrome (LEMS) (randomized placebo-
controlled trials for all 4 entities). 4-AP may also
be effective in cerebellar gait ataxia of different eti-
ologies (2 case series), upbeat nystagmus, and limb
ataxia in MS (single cases). In the recommended
dosages, they are well tolerated. The assumed mode N H

of action is a blockade of mainly Kv4 s: in DBN, this \ 2
increases the excitability of Purkinje cells (PC), and I

in EA2, restores the precision of resting discharge

of PC. In MS, 4-AP improves the conduction of ac-

tion potentials in demyelinated axons, and in LEMS, N /

3,4-DAP facilitates the transmission at the neuro-

muscular endplate by prolonging the action potential

duration. Summary: There is sufficient evidence that

APs are indicated for the symptomatic treatment of DBN, EA2, gait ataxia due to MS and
cerebellar disorders, and LEMS with a reasonable risk-benefit profile. Neurol Clin Pract
2017;7:65-76

ince the 1950s, it has been known that aminopyridines (AP) inhibit certain axonal K
channels, which were named after them (“the A current”)."” In particular, they block
Kv; 5 voltage-activated potassium channels, thereby prolonging the duration of ac-
tion potentials in axons because of delayed repolarization. This mode of action is
relevant for their efficacy in Lambert-Eaton myasthenic syndrome (LEMS) at the neuromus-
cular junction leading to an increase of acetylcholine release® and multiple sclerosis (MS) at

University Hospital (MS, JT, AZ, RS, KF), Munich, Germany; and Albert Einstein College of Medicine (KK),
New York, NY.

Funding information and disclosures are provided at the end of the article. Full disclosure form information
provided by the authors is available with the full text of this article at Neurology.org/cp.

Correspondence to: Michael.Strupp@med.uni-muenchen.de

Neurology: Clinical Practice I February 2017 65


http://cp.neurology.org/lookup/doi/10.1212/CPJ.0000000000000321
http://Neurology.org/cp

Michael Strupp et al.

66

demyelinated axons thereby improving action potential conductance.>* The common mech-
anism behind the therapeutic influence of AP in cerebellar disorders lies within their effect on
cerebellar Purkinje cells (PCs). In vitro studies demonstrated that 4-AP (in therapeutic con-
centrations) increases the resting discharge rate and excitability of PCs of the guinea pig
cerebellum’ and the precision of pace-making of PCs in the tottering mouse, an animal model
of episodic ataxia type 2 (EA2)% both 4-AP and 3,4-diaminopyridine (3,4-DAP) reduced the
frequency of attacks; this is probably because they raise the threshold for their triggering.”
Furthermore, AP normalizes the firing rate and the motor behavior in the ataxin-1 mutant
mouse in vivo.® Remarkably, animals treated early demonstrated better motor function in the
longer term, which may be mediated by a neuroprotective effect due to an enhanced electrical
activity of PCs.® Due to an increased activity of PC,” AP evidently restores the GABAergic
inhibitory influence on the deep cerebellar nuclei mediated by the vestibulo-cerebellum. This
increased inhibitory influence has been confirmed by neurophysiologic findings in patients
with ataxia telangiectasia. Here, the ingestion of 10 mg 4-AP resulted in a reduced time
constant of the angular vestibulo-ocular reflex (VOR).” These various electrophysiologic
effects explain why such a simple molecule has so many indications for the treatment of
various neurologic disorders with different underlying pathophysiologies such as MS, LEMS,
downbeat nystagmus (DBN), upbeat nystagmus (UBN), EA2, and cerebellar gait ataxia. As
mentioned above, the drug may also have a neuroprotective effect.*' Clinically, both 3,4-
DAP and 4-AP are currently used but for different indications: 3,4-DAP in LEMS and 4-AP
in central nervous disorders because it better penetrates the blood—brain barrier."" The clinical
efficacy of 4-AP is currently being examined in further randomized controlled trials in EA2
(EAT2TREAT) and cerebellar gait disorders (FACEG). All in all, AP is a fine example of
repurposing of a pharmacologic agent. In this overview, the different clinical indications as
well as the mode of action of AP are described and an outlook on further indications such as
acute vertigo is given.

Treatment of different types of nystagmus with 4-AP

Downbeat nystagmus DBN is a frequent form of acquired persisting fixation nystagmus,'>
mostly due to cerebellar degeneration leading to a floccular hypofunction.'*'* Patients with
DBN predominantly have postural imbalance and cerebellar gait ataxia, as well as oscillopsia,
which leads to reduced visual acuity (VA)." In 2003, the first randomized controlled trial
(RCT) showed a significant effect of a single dosage of 20 mg 3,4-DAP on peak slow-phase
velocity (SPV) 30 minutes after ingestion.'® The drug was well tolerated.'® These findings were
confirmed by others."””" In spinocerebellar ataxia type 6, 3,4-DAP also reduced mean peak
SPV, but other ataxic symptoms and postural control remained unaffected after treatment over
1 week (20 mg BID)." Other studies showed that APs worked best in patients with cerebellar
atrophy without having considerable effects in patients with structural brainstem lesions, most
likely because the target structure is no longer intact.*® 4-AP restores the function of the vertical
and horizontal neural integrator, which also explains its effects on gaze-evoked nystagmus.>**!
Equal doses of 4-AP were superior to 3,4-DAP because 4-AP crosses the blood—brain barrier
more easily’” and should, therefore, be preferred.”® In 2013, an RCT proved the effect of 4-AP
(5 mg QID) in DBN (reduction of mean SPV of DBN by about 50%, improvement of VA).**
At higher dosages (4-AP 10 mg QID), a reduction of postural sway and an improvement of
motor performance assessed by the timed Get Up and Go Test was demonstrated, although the
patients did not notice any subjective improvement; this was discussed as probably being caused
by the short half-life of 4-AP.** This shortage may be overcome by the sustained release form of
4-AP (4-AP-SR; Fampyra, Biogen Idec, Mississauga, Canada), which is also efficient in obser-
vational case series in a dosage of 10-20 mg/d,” but further RCTs are needed. The published
RCTs and observational studies as well as case series on APs are summarized in table 1.

Based on the current state-of-the-art RCTs, the use of 4-AP (5 mg 2—4 times daily) or 4-AP-SR
(10-20 mg/d) is generally recommended for the treatment of DBN.>>*

© 2016 American Academy of Neurology
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central positioning nystagmus

[ Table 1 Clinical trials and case series with aminopyridines in downbeat nystagmus (DBN), upbeat nystagmus (UBN), and

Study

Kalla et al.,
20043

Kalla et al.,
20072°

Kalla et al.,
201122

Claassen
et al.,
201334

Claassen

Glasauer
et al.,
200528

Kremmyda
et al,
20132°

Disease
DBN (different
etiology)

DBN

DBN

DBN

DBN

DBN

DBN (different
etiologies)

UBN (etiology?)

Central
positioning
DBN (cerebral
vermis lesion)

Head-shaking
nystagmus

Drug
3,4-DAP

3,4-DAP

4-AP
4-AP

3,4-
DAP,
4-AP

4-AP

4-AP-SR

4-AP

4-AP

3.4-DAP

Daily
dosage

20 mg

20 mg BID

10 mg
10 mg

10 mg 3,4-
DAP vs

10 mg
4-AP

5 mg QID
vs 10 mg

QID

10 mg BID

10 mg

5 mg TID
for 3 days

3x15
mg/d

Study
design

RCT

Controlled

Case report

Controlled

RCT

RCT

Case series,
observational

Case report

Case report

Case report

Duration

Single dose

1 week

Single dose
Single dose

Single dose

3 days 20
mg/d vs

4 days 40
mg/d vs 4
days placebo

14 days,
washout of
4 weeks

Single dose

Single dose

Several days

No. of

patients Outcome

17

L5

15

10

1

Reduction of SPV, improvement of
DBN (oscillopsia, postural stability)

3,4-DAP effective on DBN and
oscillopsia, no effect on other ataxic
symptoms

Improvement of DBN, smooth
pursuit, VOR gain

Improvement of slow-phase velocity
(DBN)

Reduction of SPV of DBN 4-AP
showed more pronounced effect
than equivalent doses of 3,4-DAP

Reduction of SPV of DBN,
improvement of VA, postural sway,
and locomotor parameters

Reduction of mean SPV,
improvement of VA, 50% of
patients did not report any side
effects with most common side
effects being abdominal discomfort
and dizziness

Reduction of mean peak SPV from
8.6°/s to 2.0°/s, relief from
oscillopsia

Suppression of central positioning
DBN, eye movement recordings with
the scleral search coil showed
maximal nystagmus SPV of 28°/s,
with a latency of up to 3 seconds
after the head movement and a mean
duration of 13 seconds, FDG-PET
showing increased activity of the
flocculus and ocular motor vermis

Reduction of nystagmus,
improvement of body sway on
posturography

Abbreviations: 3,4-DAP = 3,4-diaminopyridine; 4-AP = 4-aminopyridine; RCT = randomized controlled trial; SPV = slow-phase
velocity; VA = visual acuity; VOR = vestibulo-ocular reflex.

UBN, central positioning, and head-shaking nystagmus UBN—a central fixation nystag-
mus beating upwards in primary position—is rarer than DBN. Oscillopsia is often irritating, but
the symptoms of UBN usually persist only for months.'” 4-AP has been shown to be effective in
UBN”® and central positional nystagmus,” while 3,4-DAP suppressed head-shaking nystagmus
by an improvement of nerve conduction or an increase of cerebellar inhibitory input® (table 1).

Episodic ataxia type 2 EA2 is the most frequent subtype of episodic ataxia and belongs to
the growing number of ion channel disorders. CACNAIA gene mutations, encoding the
a-subunit of the P/Q-type calcium channel, are found in about 60% of patients.”’** The
leading symptoms are recurrent attacks of ataxic symptoms, lasting for hours to days, often
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acetazolamide

[ Table 2 Clinical trials and case series with aminopyridines in episodic ataxia type 2 (EA2) ]
Daily Study No. of

Study Disease Drug dosage design Duration, wk patients Outcome

Strupp EA2 4-AP 5mg TID Case series = 3 Prevention of attacks,

et al., 20043% alleviation of ataxic
symptoms

Strupp EA2 4-AP 5mgTID RCT 8-12 10 Reduction of

et al., 20113° frequency and
duration of attacks,
improvement in quality
of life (VDADL score)

Claassen EA2 4-AP-SR 10 mg BID Observational 2 10 Decrease of SPV of

et al., 20133° DBN, improvement of
VA

EAT2TREAT EA2 4-AP-SR vs 10 mgBID RCT 18 = Ongoing: recruitment

finished

Abbreviations: 4-AP = 4-aminopyridine; DBN = downbeat nystagmus; RCT = randomized controlled trial; SPV = slow-phase
velocity; VA = visual acuity; VDADL = Vestibular Disorders Activities of Daily Living Scale.
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provoked by physical or emotional stress or alcohol. More than 90% of patients present with
persisting central cerebellar ocular disturbances in between the attacks, such as gaze-holding
deficits, saccadic smooth pursuit, impaired suppression of the VOR, and especially DBN.*!
These clinical signs help to differentiate patients with EA2 from patients with migraine, who
only present with minor ocular motor dysfunction.’*** In the past, the treatment of choice
was the carbonic anhydrase inhibitor acetazolamide in a dosage of 250—1,000 mg/d.*> Acet-
azolamide had been shown to suppress the number and severity of attacks in EA2, and effects
on interictal oculomotor and postural function have also been documented.*® However, the
effect has only been described in case series; there are so far no RCTs on its efficacy.?*?
Furthermore, its adverse effects (e.g., kidney stones, nephrocalcinosis, hyperhidrosis, pares-
thesia, muscle stiffening with easy fatigability, and gastrointestinal disturbances, dose-related)
considerably limit its use in clinical practice.

Nowadays the treatment of choice is 4-AP, starting with a first observational study in 2004 on
3 patients® and confirmed in an RCT on patients with EA2 and familial ataxias in 2011.%° The
published data on APs are summarized in table 2. The recommended dosage is 5-10 mg TID.

In the tottering mouse, the animal model of EA2,%7 the evident effect was in increasing the
precision of pace-making of PCs, while other animal studies suggested an extrafloccular
effect”” contrary to the mathematical model of increased excitability in EA2.%® In ataxin-
I-mutant mice, AP was proven to normalize the firing rate as well as the motor behavior.®
Therefore, a neuroprotective effect due to changes in electrical activity of PCs was discussed
in mice treated earlier with AP.® As a consequence, an earlier treatment in neurodegenerative
ataxia may be positive for the long-term course and clinical outcome.® This may also be true
for other neurodegenerative cerebellar diseases such as EA2 or DBN as well.

Gait ataxia in MS Walking impairment is a clinical hallmark of MS and has a fundamental
effect on everyday functioning and quality of life. Besides the treatment of fatigue symptoms
with AP, the drug gained momentum after several controlled trials demonstrated that 4-AP-
SR improved the walking capability in patients with MS. In 2 phase II clinical trials with 36
and 206 patients, respectively, with definite MS, post hoc analysis revealed a response rate
of ~37% during the treatment with 10-40 mg 4-AP-SR BID compared to 9% during
placebo. The mean percent walking speed improvements in a 25-foot walk test were ~25%.%

The following phase III trials used the dosage of 10 mg 4-AP-SR BID and enrolled 301 and
239 patients, respectively, with definite MS. The responder rates for treatment were ~35%

© 2016 American Academy of Neurology
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Based on the positive effects of AP on
cerebellar oculomotor functions, one can
hypothesize about a possible effect of AP on
cerebellar locomotion control.

(with ~25% walking speed improvement) for treatment compared to ~8% for placebo.’
Responders had reduced self-assessed ambulation-related disability and improved lower ex-
tremity muscle functioning during treatment. Extension studies of the 2 phase III trials
evaluated the open-label, long-term usage of 10 mg 4-AP-SR BID.* The studies illustrated
typical walking speed decline when 4-AP-SR was discontinued and prompt improvements
when the drug was restarted. Data from both extension studies showed that improvements
were maintained during long-term usage. The effect of 4-AP-SR on multiple postural
domains besides walking speed, e.g., coordination of stepping, dynamic balance, and sit-to-
stand transitions, had been evaluated as well. The open-label exploratory study showed
improvements in all these domains after 4 weeks of treatment with 4-AP-SR.* A more recent
observational study suggested the suitability of pretreatment motor evoked potentials in order
to predict the therapeutic response to 4-AP-SR. All patients with normal central motor
conduction time prior to treatment were identified as nonresponders in this study.** More-
over, there is evidence of a functional improvement of everyday mobility induced by the gait
improvement. Patients with an increased walking pace under treatment with 4-AP-SR also
showed increased physical activity in accelerometer-based long-term measurements.** The
putative mode of action in MS is the restoration of nerve conduction via blockade of the
potassium channels that become exposed during demyelination.>* In MS, a beneficial effect
on upper limb tremor also was reported in one patient.®

Gait ataxias of other etiologies Based on the positive effects of AP on cerebellar oculomo-
tor functions, one can hypothesize about a possible effect of AP on cerebellar locomotion con-
trol (table 3). In a case description of 2 patients with progressive cerebellar ataxia (CA) due to
mutations of the CACNAIA gene, 4-AP improved the precision of stepping (the coefficient of
variation of stride time); the effect was speed-dependent, with the highest magnitude during
fast walking.® This finding was further extended by a retrospective case series with 31 patients
with cerebellar gait ataxia due to different etiologies (multisystem degeneration with CA,
sporadic adult-onset ataxia, cerebellar stroke, CACNAIA mutations, DBN syndrome; no
patient with MS included).” On an individual basis, 25 patients showed an improvement
of gait performance. Treatment with 5 mg 4-AP enhanced the preferred walking speed and
decreased the coefficient of variation of stride time (both measures are linked to better
dynamic stability during walking and are associated with a higher risk of falls). The effect
of 4-AP on gait was independent of the severity of ataxia as assessed in the Scale for
Assessment and Rating of Ataxia but was associated with a high magnitude of temporal gait
variability prior to treatments. Thus, temporal gait variability might serve as a prognostic factor
for the response to 4-AP in CA. A randomized, placebo-controlled monocentric study with
Fampyra (FACEQ) is currently being performed to further evaluate the effect of 4-AP-SR on
gait stability, walking performance, and falls in patients with different forms of ataxia. As
mentioned above, 4-AP improves the precision of the intrinsic pacemaker functions of PCs.®
A higher precision of this function might result in a higher regularity of stepping in humans,
but this is speculative.

Lambert-Eaton myasthenic syndrome 3,4-DAP is an effective drug in LEMS as well as
congenital myasthenic syndrome (CMS) (table 4).<'<'><"> LEMS was first described in
1956 and is a rare neuromuscular autoimmune disorder. A total of 50%-60% of the cases
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[ Table 3 Clinical trials and case series with aminopyridines in gait ataxia due to different etiologies ]
Daily Study Duration, No. of
Study Disease Drug dosage design wk patients Outcome
Schniepp et al, CACNA1A 4-AP S5mg TID Case series = 2 Improvement of gait,
20115 mutation reduction of gait
variability, improvement
of subjective ambulatory
scores
Schniepp et al., DBN, SAOA, 4-AP 5mg  TID Case series = 31 Improvement of gait,
2012¢7 CACNA1A increase of mean
mutation, preferred gait velocity
cerebellar stroke and mean cadence at
preferred speed,
decrease of the
coefficient of variation of
stride time
Giordano et al, SCA1, 3,6, 4-AP-SR 10 mg Observational 2 16 Modest short-term
2013-® SAOA, POLG BID improvements mainly in
mutation gait and speech,
improvements are within
the range of placebo
effects, long-term trials
on prolonged effects are
needed
NCT01811706 SCA 1,2, 3,6 4-AP-SR 10 mg RCT 4 = Ongoing
BID
FACEG Cerebellar 4-AP-SR 10 mg RCT 12 = Ongoing: recruitment
disorders of BID finished

different etiology

Abbreviations: 4-AP = 4-aminopyridine; DBN = downbeat nystagmus; RCT = randomized controlled trial; SAOA = sporadic adult-
onset ataxia; SCA = spinocerebellar ataxia.
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are paraneoplastic and associated with a tumor, which is almost always small-cell lung
carcinoma (SCLC)<'% the remaining are nontumor LEMS. Because of the high incidence
of SCLC and manifestation of LEMS before detection of SCLC, tumor screening is crucial
and causal treatment has to be performed accordingly. Clinical features of LEMS are proximal
muscle weakness, autonomic symptoms, and reduced tendon reflexes. Clinical symptoms are
caused by autoantibodies to P/Q-type voltage-gated calcium channels (VGCC) on the pre-
synaptic nerve terminal.«'”'®* VGCC autoantibodies can be found in about 85%-90% of
patients with LEMS (in 60%-70% of them, SCLC is detected)."” However, in these
patients, a SCLC is much less likely to be diagnosed.«*” The presence of VGCC antibodies
in the neuromuscular junction leads to a reduced Ca*" influx during depolarization and therefore
a decreased acetylcholine (ACh) vesicle release from the presynaptic membrane.'® In 1983, the
drug 3,4-DAP was introduced as an innovative symptomatic treatment for LEMS.*** 3,4-DAP
blocks potassium channels and prolongs the duration of depolarization, subsequently leading to
increased ACh release.®> Since then, 4 studies have confirmed its efficacy and safety.<-<!!<!3<2!
Two were based on clinical endpoints (quantitative muscle strength, quantitative myasthenia
gravis [QMG] score, LEMS classification, muscle strength score'®"") and all 4 proved the
efficacy on electrophysiologic measurements (including repetitive nerve stimulation test, single-
fiber EMG, and amplitudes of compound muscle action potentials). Side effects consisted
of paresthesias, gastrointestinal symptoms, and an epileptic seizure in one patient. <<
3,4-DAP should be the drug of first choice in LEMS, starting with 4 X 10 mg/d (up to
5 X 20 mg/d). In 2010, the 3,4-DAP phosphate salt amifampridine (Firdapse, 10 mg tablets,
BioMarin, San Rafael, CA) was given market authorization for LEMS by the European

© 2016 American Academy of Neurology
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Drugs that may prolong the QT interval must
not be combined with 3,4-DAP.

Medicines Agency under European drug legislation. The approval was given based on previous
trials on the base form of 3,4-DAP. In the United States, the latter has been available through
compounding pharmacies and from Jacobus Pharmaceutical Co., Inc. (Princeton, NJ), under
a compassionate use Investigational New Drug program. Recently, a phase 3 clinical trial showed
that amifampridine (Firdapse) is efficacious in the symptomatic treatment of LEMS (QMG
score). Furthermore, a second study on 3,4-DAP in LEMS has been completed but has not yet
been published (for further information, see reference e12 at Neurology.org/cp). There is also
one study about expanded access in amifampridine in LEMS, CMS, and DBN
(NCT02189720) and one about amifampridine in pediatric CMS (NCT02562066). Recently,
numerous physicians brought to public attention their concern about the potential cost increase
of 3,4-DAP after submission for US FDA approval under the Orphan Drug Act by Jacobus
Pharmaceutical Co., Inc. and Catalyst Pharmaceuticals, Inc. (Coral Gables, FL).<!?

Side effects, contraindications, and precautions of 3,4-DAP and
4-AP

Regarding 3,4-DAP (Firdapse), precautions must be taken if the patient has a history of
asthma, convulsions, or kidney or liver problems. Drugs that may prolong the QT interval
must not be combined with 3,4-DAP. Side effects commonly include tingling and numbness
around the mouth and extremities, reduced sense of touch or sensation, nausea, dizziness, in-
creased sweating, stomachache, and cold extremities. Contraindications are hypersensitivity to
the active substance, uncontrolled asthma, congenital QT syndromes, and concomitant use
with various drugs that prolong QTc (for further information, see reference €22). Precautions
for 4-AP (Fampyra) are similar. Treatment with this drug increases seizure risk and renal im-
pairment has to be checked. It should not be administered to patients with a creatinine clear-
ance <80 mL/min. Furthermore, caution is necessary when it is administered in combination
with drugs that are OCT2 substrates such as carvedilol, propranolol, and metformin, as well

[ Table 4 Clinical trials and case series with aminopyridines in Lambert-Eaton myasthenic syndrome (LEMS) ]
Daily Study No. of
Study Disease Drug dosage design Duration, d patients Outcome
McEvoy LEMS  3,4-DAP Up to 100 RCT = 12 Increase in muscle strength and
et al., mg/d autonomic symptoms relieved
1989¢°
Sanders LEMS  3,4-DAP 20mg TID RCT 6 26 Improvement in QMG score
et al.,
2000¢°1°
Oh et al,, LEMS  3,4-DAP Up to 75- RCT = 7 Improvement in QMG score, LEMS
2009¢11 80 mg/d classification, muscle strength score,
CMAP
Oh et al,, LEMS  Amifampridine = RCT 7-91 = Improved QMG score and subject global
2016°12 phosphate impression scores
Wirtz et al, LEMS  3,4-DAP = RCT — 9 =
2009¢°13
Lundhetal, LEMS 3 4-DAP 18-24 mg Case — 8 Increased muscle strength
198314 QID series

Abbreviations: 3,4-DAP = 3,4-diaminopyridine; QMG = quantitative myasthenia gravis; RCT = randomized controlled trial.
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[ Table 5 Other possible indications for aminopyridines in neurologic clinical practice and perspectives

Daily Study No. of
Study Disease Drug dosage design Duration patients Outcome
Luca et al,, Parkinson disease 4-AP = = = = Improvement of gait
201328 freezing
DeForge et al., Spinal cord injury 4-AP 40 mg/d Double-blind 2 wk 14 No significant difference
2004-2° placebo-controlled in strength or gait
crossover outcomes between
placebo and 4-AP
Segal et al., Spinal cord injury 4-AP 10 mg Uncontrolled Single 9 Improvement in walking
2007e<3° single dose dose speed, stride length
van der Spinal cord injury 4-AP 15-45 mg Double-blind 4 wk 20 No significant difference
Bruggen et al., placebo-controlled in outcomes between
2001-31 crossover placebo and 4-AP
Bergin et al.,  Inflammatory 3,4-DAP — — — 6 No resolution of
2001-32 demyelinating conduction block or
neuropathies clinical benefit
Leussink CIDP 4-AP-SR 10 mg BID Open-label study 28 d 10 Fampridine-PR was not
et al,, 2016°32 effective in demyelinating
neuropathies
Horton et al, Multiple sclerosis 4-AP — Randomized, 5 wk 5 Improvement in visual
2013234 double-blind, function in patients with
placebo-controlled optic neuropathy (Class
crossover study IV evidence)
Savin et al., Multiple sclerosis 4-AP-SR  — Pilot study 3 mo 26 Improvement in manual
2016°3%° function
Friggeri et al., Botulism 3,4-DAP  10-20 mg Case series = 3 Increase in CMAP
201336 single dose amplitude
Pavsic et al., Multiple sclerosis 4-AP-SR 20 mg/d Prospective 28d 30 Improvement in arm/hand
201537 nonrandomized function, fatigue, mood,
quality of life
Aisen et al., Amyotrophic lateral  3,4-DAP 10-80 mg Placebo-controlled — 9 Improvement in
1996-3# sclerosis Functional Independence
Measure, speech
assessment, DAP does
not diminish motor
impairment
Mainero et al., Multiple sclerosis 3,4-DAP  Single dose Placebo-controlled — 12 3,4-DAP enhances brain

2004<3°

Abbreviations:

3,4-DAP =

polyradiculoneuropathy.

3,4-diaminopyridine; 4-AP =

4-aminopyridine; CIDP =

Other possible indications

Acute vertigo/acute unilateral vestibulopathy There are currently few animal studies on
the effects of pharmacologic agents on central compensation (overview in reference e24). An
in vivo study in a rat model of acute unilateral vestibulopathy showed improvement of pos-
tural symptoms with 4-AP but on the other hand impairment of the course of vestibular com-
pensation, underlining the hypothesis that symptomatic treatment in acute unilateral
vestibulopathy should only be given for a short time period and only if neccessary.<*> These

motor activity in fTMRI

chronic inflammatory demyelinating

as in patients with a history of rhythm disorders. The most common reported side effect is
urinary tract infection (for further information, see reference €23).

findings are the basis for an observational clinical study on the symptomatic effects of 4-AP
in acute vertigo.**

72 © 2016 American Academy of Neurology
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[ Table 6 Current recommendations for aminopyridines in clinical practice

Indication
DBN

DBN

Central positioning
nystagmus, UBN,
central head-shaking
nystagmus

Gait ataxia due to
cerebellar ataxia of
different etiologies

Gait ataxia due to
cerebellar ataxia of
different etiologies

Gait ataxia due to MS

EA2

EA2

LEMS

Drug Dosage

4-AP 5 mg, starting with BID,
uptitration up to 20 mg/d
possible

4-AP-SR 10 mg BID

4-AP 5 mg, starting with BID,
uptitration up to 20 mg/d
possible

4-AP 5 mg TID

4-AP-SR 10 mg BID

4-AP-SR 10 mg BID

4-AP 5mg TID

4-AP-SR 10 mg BID

3,4-DAP Up to 80-100 mg/d

Precautions

Prolonged QTc time in ECG
as a clinically relevant
limitation

As given in the medication
information

Prolonged QTc time in ECG
as a clinically relevant
limitation

Prolonged QTc time in ECG
as a clinically relevant
limitation

As given in the medication
information

As given in the medication
information

Prolonged QTc time in ECG
as a clinically relevant
limitation

As given in the medication
information

As given in the medication
information

Further information

Monitoring of effect of medication
by dynamic VA or SPV in VOG,
compassionate use of medication

No uptitration needed, one should
always keep in mind its
contraindications, side effects, and
interactions with other drugs;
monitoring of effect of medication
by dynamic VA or SPV in VOG;
compassionate use of medication

Monitoring of effect of medication
by VOG or filming of patient's eye
movements

Monitoring of effect of medication
by 8-meter walk or Get Up And Go
Test; compassionate use of
medication

No uptitration needed, one should
always keep in mind its
contraindications, side effects, and
interactions with other drugs;
monitoring of effect of medication
by 8-meter walk or Get Up And Go
Test; compassionate use of
medication

No uptitration needed, one should
always keep in mind its
contraindications, side effects, and
interactions with other drugs;
monitoring of effect of medication
by 8-meter walk or Get Up And Go
Test

Monitoring of effect of medication
by patient’s diary (number of
attacks), compassionate use of
medication

Monitoring of effect of medication
by patient’s diary (number of
attacks), compassionate use of
medication

Monitoring of effect in QMG score
and muscle strength score

Abbreviations: 3,4-DAP = 3,4-diaminopyridine; 4-AP = 4-aminopyridine; DBN = downbeat nystagmus; EA2 = episodic ataxia type
2; LEMS = Lambert-Eaton myasthenic syndrome; MS = multiple sclerosis; SPV = slow-phase velocity; UBN = upbeat nystagmus;
VA = visual acuity; VOG = video-oculography.

Lower urinary tract symptoms The efficacy of 4-AP-SR has been demonstrated in a single
case of a patient with DBN and lower urinary tract symptoms (LUTS) due to benign prostatic
The reported subjective improvement of LUTS during the 4-AP treatment was

€26

hyperplasia.

monitored using uroflowmetry.
excitability of both the sympathetic and the parasympathetic branches of the autonomic
nervous systems and an increased activity of these nerves during voiding can also improve

€26

In this case, it is assumed that 4-AP can increase the

bladder function.*®<*” For further information and indications, see table 5.
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Recommendations
Based on the given data, recommendations for treatment in neurologic diseases are given in

table 6.

Perspectives and ongoing trials

Further controlled trials are needed, as the results of experimental and clinical studies on 4-AP
support the importance of this substance for the treatment of vestibular, cerebellar, and ocular
motor disorders, and for back-translational research to further elucidate its mode of action in
animal models.

EA2TREAT There is currently an ongoing placebo-controlled trial of 4-AP-SR and acet-
azolamide compared with placebo (University of Munich).

FACEG There are currently 2 ongoing placebo-controlled trials of 4-AP-SR for cerebellar
gait disorders (University of Florida [NCT01811706] and University of Munich).

Use of 4-AP in acute vertigo Based on the pronounced effects of 4-AP in an animal model
of acute unilateral vestibulopathy, a clinical trial in humans with this disease seems to be jus-
tified to evaluate its symptomatic effects. However, duration of treatment should be limited to
3 days to avoid a delay of central compensation.

Neuroprotective effect Due to the convincing findings in animal models, long-term studies
in humans with neurodegenerative cerebellar disorders are justified.

Mode of action Since there is debate about the mode of action of AP in cerebellar
disorders, further basic research is necessary in different animal models of cerebellar
disorders.
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