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Abstract
Presented is the ﬁrst case in the literature of orally delivered 4-aminopyridine to improve
motor function in a patient with long standing Charcot-Marie-Tooth, Hereditary Motor and
Sensory Neuropathy (HMSN). The patient is a 63-year-old male with a long-standing
history of motor weakness and pain from HMSN. He has been treated for several years for
both pain and weakness. He initially had an intrathecal pump placed in 1989 for delivery of
morphine for neurogenic pain. The disease had progressed to the point where he walked
with a cane on level surfaces and had developed neuropathic foot ulcers. The patient was
started on 4-aminopyridine (4-AP) at 5 mg. per day and increased over two weeks to a dose
of 30 mg. per day (10 mg. tid). Motor strength on a 0–5 ASIA motor scale increased in the
lower limbs from 3.6 to 4.2 and in the upper limbs from 3.9 to 4.5 and was consistently
maintained over 12 months. The patient reported considerable increases in walking
endurance, decreased falls and no longer uses a cane on level surfaces for ambulation.
There was a mild decrease in the perception of pain as measured by the Visual Analog scale
from 4 to 3 in the feet and from 7 to 5 in the hands with no other change in pain
medications.This case report indicates that 4-aminopyridine may be eﬀective in improving
the motor function of HMSN patients. The mechanism of action of 4-AP is theorized to be
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improved nerve conduction by restoration of the action potential in demyelinated
axons.Because the peripheral nervous system has less of a barrier to systemic delivery
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drug delivery, it makes sense 4-AP may be more eﬀective in peripheral demyelinating
diseases than in central demyelinating diseases of the nervous system.

Keywords
Charcot-marie tooth, hereditary sensory motor neuropathy, 4-aminopyridine, demyelination,
inﬂammatory neuropathies, rehabilitation

Introduction
Charcot-Marie-Tooth (CMT) disease is a genetically heterogeneous group of disorders that
is characterized by wasting and weakness of distal limb muscles, particularly the peroneal
muscles, with or without distal sensory loss.1 The disease onset usually occurs during the ﬁrst
decades of life and course is slowly progressive. It may lead to profound motor impairments as
well as painful dysaesthesias and paraesthesias.
Nerve conduction studies demonstrate slowing of nerve conduction velocities consistent
with a demyelinating process.Treatment has generally been supportive, consisting of pain
medications for painful dysaesthesias, and prescription of orthotics and/or assistive devices
for gait.2,3 Patients are usually schooled in energy conservation techniques and joint
protection. While there has been considerable progress in deﬁning the genetic and molecular
basis for the disease, there has been very little in any treatment to improve motor function.
4-Aminopyridine (4-AP)
4-Aminopyridine, a speciﬁc blocker of voltage-dependent, fast activating neuronal
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potassium channels, has been reported to reduce spasticity and improve motor and sensory
function in animal models and in patients with multiple sclerosis (MS)4–6, spinal cord injury
(SCI)7–12, and Guillain-Barré, Syndrome (GBS). Animal and human studies indicate that 4-AP
may act through restoration of action potential conduction in damaged, poorly myelinated
nerve ﬁbers and may also directly enhance synaptic transmission.7–11,13 Preliminary clinical
studies have demonstrated that 4-AP is associated with decreased pain and/or improved
motor function.4-6,12
Reported is the ﬁrst clinical use of 4-AP as a retrospective case report in which compounded
4-AP was utilized to improve motor function and endurance in a patient with progressive CMT.

Case Report
The patient is a 63-year-old white male with an over thirty-year history of progressive lower
extremity (LE) weakness and numbness diagnosed as CMT disease classiﬁed as CMT 1a
several years ago. Previous nerve conduction studies performed years earlier had no
peroneal motor or sensory responses, absent tibial sensory nerve responses and slowed
tibial motor nerve conductions with reduced amplitudes. He had been prescribed bilateral
ankle foot orthotics over 10 years previously. Approximately twenty years ago he began to
develop severe dysaesthesias in both his hands and feet, which eventually required
implantation of a subcutaneously placed pump for the delivery of intrathecal morphine eleven
years ago.
Over the last six years he has developed progressive weakness and a loss in his endurance.
Because his form of CMT is predominantly demyelinating, after a discussion with the patient
where he requested to know of any available medications that could be useful in CMT we
decided to implement a trial with open label 4-AP to improve motor strength and endurance.
The dosage was started at 5 mg per day and increased by 5 mg every two days until the
dosage reached a maximum of 30 mg. per day (10mg tid). The following parameters were
followed:
Motor score: Monthly
The motor score measures the strength of key muscles bilaterally on a 0–5 scale and is
closely related to the ASIA motor scoring technique. Use of these standardized measures has
been endorsed throughout the rehabilitation community. This scale grades motor strength of
selected muscle groups as follows:
0 - Absent (total paralysis)
1 - Trace (palpable or visible contraction producing little or no movement around joint)
2 - Poor (active movement through much or all of the normal range of motion, with gravity
eliminated - where relevant)
3 - Fair (active movement through full range of motion against gravity)
4 - Good (active movement against some resistance)
5 - Normal (active movement against full resistance).
The patient also was rated on the visual analog scale for pain in the hands and feet and he
received electrodiagnostic testing. Safety data were monitored including an
electrocardiogram, and laboratory testing before starting the medication and after two months
of treatment
Outcome
Motor strength on a 0–5 ASIA motor scale increased in the lower limbs from 3.6 standard
deviation (SD) ± 0.5 to 4.2 SD ± 0.4 and in the upper limbs from 3.9 SD ± 0.3 to 4.5 SD ± 0.5 on
the ASIA motor score and was consistently maintained over 12 months (Figures1 & 2).Almost
all the motor changes were conﬁned to the lower extremities except for dorsiﬂexion, which did
not change.
The patient reported considerable increases in walking endurance, decreased falls and no
longer uses a cane on level surfaces for ambulation. There was a mild decrease in the
perception of pain as measured by the Visual Analog scale from 4 to 3 in the feet and from 7 to 5
in the hands with no change in pain medications. Much of this change in pain was a reduction
in muscle cramping rather than in the burning dysaesthesia.The patient reported that he was
able to now ambulate on level surfaces for more than one block without his single point cane
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and was able to walk on uneven surfaces with his single point cane. Subjectively he reported
feeling the best he had in the last 10 years.

LE Motor Score

Mean

admit

1 mo.

12 mo.

Figure 1. Bar chart with the change in lower extremity (LE) average motor score before treatment (admit),
and at 1 month (mo.) and 12 months

UE Motor Score

Mean

admit
1 mo.
12 mo.
Figure 2. Bar chart with the change in upper extremity (UE) average motor score before treatment
(admit), and at 1 month (mo.) and 12 months

Laboratory testing failed to reveal any change in the hemoglobin, hematocrit, red blood cell
count, white blood cell count with differential and platelet count, sodium, potassium, chloride,
bicarbonate, glucose, urea nitrogen (BUN), creatinine, total protein, albumin, aspartate
aminotransferase (SGOT/AST), alanine aminotransferase (SGPT/ALT), alkaline
phosphatase, uric acid, phosphorous (PO4), albumin, calcium, total bilirubin and lactate
dehydrogenase (LDH). There was also no change in the electrocardiogram during the study.

Discussion
This case report indicates 4-aminopyridine is effective in improving the motor function of a
patient with CMT. While this was an open label trial the patient clearly felt better with the
medication and has continued to take it for over one year now. He reported that it had been the
best year in the last ten. It is unfortunate that we did not perform before and after functional
tests such as a 6-minute walking test or a Get up and Go test, as it may have measured
endurance as well as motor strength.
It is felt that the mechanism of 4-AP may in part be due to the fact that it allows for a longer
period of sustained voltage thereby supplying enough electrons to conduct via saltatory
conduction beyond the point of demyelination to continue the action potential distally. As such
4-AP may usefulness in many demyelinating diseases such as subgroups of CMT, as well as
multiple sclerosis or GBS.
4-AP is available on the FDA compounding list from a reputable compounding pharmacy.
Adverse effects associated with oral administration of 4-AP have included mild dizziness,
light-headedness, paresthesia / dysesthesia, nausea and mild agitation.4,5,13,14 Doses above
30 mg. per day have induced confusional states (disorientation, agitation, anxiety),
respiratory distress (dyspnea, hyperventilation), locomotor and balance problems and
epileptiform seizures.15-18 The seizures appear to be most prevalent in those who have multiple
sclerosis.4,5,14 Cardiac abnormalities have been reported only with extremely high doses
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beyond what is now recommended for treatment.7 There is usually no disturbance in
autonomic function with CMT.2
4-AP is available in a compounded form in the United States. It is similar to the drug
dalfampridine utilized in multiple sclerosis. It readily crosses the blood nerve barrier as well as
the blood brain barrier and appears to reach higher interstitial concentrations than
dalfampridine due its ability to reach higher serum levels pushing it across.19 It has been
suggested for use in the treatment of peripheral neuropathies, predominately those involving
demyelination. It has also been utilized in multiple sclerosis20 and generally is available at 1/10
the cost.
It is not expected that 4-AP will slow the progression of the disease. Nor did it have a
signiﬁcant effect on the patient’s pain perception. He did not experience a reduction in the
“cramping sensations” he experienced after walking. This is a predominant symptom of the
disease.2,3 Further research requires delineating time length of the biologic effects of 4-AP on
motor function, which may be three weeks long.12
Clearly more research including prospective trials is required in CMT and its various
subtypes with the use of 4-AP. It has the potential to improve motor function in these patients
and thereby reducing disability. This case report indicates that this work should go forward.
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