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multiple sclerosis patients with optic
neuropathy

ABSTRACT

Objective: The objective of this randomized, double-blind, placebo-controlled, crossover study
was to examine if patients with optic neuropathy would derive a therapeutic benefit from
4-aminopyridine (4-AP) treatment. Furthermore, the study was intended to determine if patients
with certain P100 latencies or retinal nerve fiber layer (RNFL) measures would be more likely to
respond to therapy.

Methods: Patients were enrolled in a randomized, placebo-controlled, double-blind, crossover
study of 10 weeks duration. Patients underwent visual evoked potentials (VEP), optical coher-
ence tomography (OCT), and visual acuity before starting 5 weeks of either placebo or 4-AP. After
5 weeks, they completed a second evaluation (VEP, OCT, and visual acuity) and were crossed over
between treatment arms. Five weeks later, they had their final evaluation. All investigators were
blinded to treatment arm until after data analysis.

Results: On average, patients had faster P100s on 4-AP when compared to placebo. A subset of
patients had distinct responses to 4-AP as measured by improvements in visual acuity. Finally,
eyes with an RNFL measure between 60 and 80 mm had the highest response rate.

Conclusions: 4-Aminopyridine is useful for improving vision in patients with demyelinating optic
neuropathy. Future clinical trials may be able to enrich a patient population for potential respond-
ers using OCT and VEP measures. Selecting patients for future trials should use RNFL measures
as part of inclusion/exclusion criteria.

Classification of evidence: This study provides Class IV evidence supporting the use of 4-AP in
certain patients with optic neuropathy to improve visual function (patients with RNFL between
60 and 80 mm). Neurology� 2013;80:1862–1866

GLOSSARY
4-AP 5 4-aminopyridine; CI 5 confidence interval; MS 5 multiple sclerosis; OCT 5 optical coherence tomography; RNFL 5
retinal nerve fiber layer; VA 5 visual acuity; VEP 5 visual evoked potential.

Visual dysfunction secondary to optic neuritis is common in multiple sclerosis (MS).1,2 Despite
apparent recovery, visual function, as measured by low-contrast vision, can remain impaired, as
quantified with low-contrast visual acuity (VA) Sloan charts.3–9 Patients may remain impaired for
edge detection (e.g., walking stairs), night vision, stereopsis, and motion detection. Further, when
factors known to precipitate Uhthoff phenomena are present, VA can be compromised.10,11

Low-contrast vision correlates with retinal nerve fiber layer (RNFL) thinning as measured by
optical coherence tomography (OCT).12,13 The RNFL consists of unmyelinated axons of gan-
glion cells and is a reproducible measure of axonal integrity. Additionally, patients often have
delayed latencies on visual evoked potential (VEP) testing secondary to demyelination.

While deficits secondary to axonal damage are potentially irreversible, it may be possible
to modify the deficits that result from demyelination and reversible axonal dysfunction with
4-aminopyridine (4-AP). Acting as a potassium channel blocker, 4-AP increases the fidelity
of axonal excitability and augments conduction along demyelinated neurons.14 Studies have
demonstrated a beneficial effect of 4-AP on various MS symptoms.15–19
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In this randomized, double-blind, placebo-
controlled study, our objective was to determine
what parameters would define patients most
likely to exhibit improvements in objective visual
system metrics while on 4-AP.

METHODS Standard protocol approvals, registrations,
and patient consents. This study was a prospective, double-blind,
placebo-controlled crossover design of the effect of 4-AP in patients

with MS with optic neuropathy. The protocol was approved by

the UT Southwestern Institutional Review Board (study number

092010-085), and all subjects gave written informed consent.

Patients. We recruited 22 subjects with MS between the ages of

18 and 70 years. We included subjects with evidence of optic

neuropathy (defined as an RNFL of less than or equal to 80

mm in at least one eye, or a greater than 10-mm difference

between the two eyes). Patients were more than 6 months from

their last clinical optic neuritis event and steroid exposure. Pa-

tients were excluded if they were pregnant, were already taking 4-

AP or dalfampridine, received steroids during the study, or had

any contraindications to the medication (history of seizures or

renal insufficiency). Subjects were also excluded if they had other

diseases that might confound visual testing results (e.g., glaucoma

or nystagmus).

A total of 249 patients were prescreened via chart reviews and

telephone interviews. Patients who met the inclusion and exclusion

criteria were scheduled for a screening visit. During each visit, subjects

underwent VA testing, OCT, and VEPs (VERIS with FMS 3 stim-

ulator using VERIS Science 3.2 software, Electrodiagnostic Imaging,

Redwood City, CA; 2 repetition per second conventional VEP with

Figure 1 Study visits and assessments

4-AP 5 4-aminopyridine; OCT 5 optical coherence tomography; VEP 5 visual evoked potential.
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60-minute arc checks). All VEP studies occurred in the same room

with the same setup throughout the study. Study visits and assess-

ments are represented in figure 1.

High-contrast VA was measured using an Early Treatment

Diabetic Retinopathy Study chart in front of a backlit cabinet.

Low-contrast VA was measured using Sloan low-contrast VA

charts at 2.5% and 1.25% contrast levels. OCT measurements

of the average RNFL thickness were obtained using high-speed,

high-definition, spectral domain OCT with Spectralis (Heidel-

berg Engineering, Heidelberg, Germany) 5.3c with n-site soft-

ware. Conventional pattern-reversal VEPs were measured using

VERIS software. Scalp gold cup electrodes were placed according

to the International 10/20 system.

Compounded 4-AP and placebo capsules were obtained from

a compounding pharmacy (Pharmacy Solutions, Arlington, TX).

The capsules were packaged in identical bottles. The patients

were instructed to increase the dose over each 5-week period ac-

cording to a titration schedule beginning with 5 mg twice a day

and ending in a dose of 10 mg 3 times a day.

At completion, patients were asked about compliance and

capsules were counted. Compliance was defined as consuming

greater than or equal to 80% of the doses and taking the medica-

tion within 24 hours of a study visit.

Statistics and data analysis. This pilot study was designed to

determine if physiologic parameters could be determined that

would inform future trial designs for patients with optic neurop-

athy. An improvement of 5 or more letters on the 2.5% VA chart

was the primary outcome, while an improvement in the P100

latencies was a secondary outcome measure.

Data analysis was conducted while blinded to study drug allot-

ment (L.H. and B.M.G.). Comparisons of baseline characteristics

among the randomized cohort and the analyzed cohort utilized

paired t tests and Mann-Whitney tests. The change in correct num-

ber of letters on the high-contrast and low-contrast charts during the

medication arm and the placebo arm of the study was analyzed

using a paired t test. The change in VEP P100 latency on placebo

compared to medication was also analyzed using a one-tailed paired

t test. Significance was measured as p , 0.05 for all tests.

Classification of evidence. This study provides Class IV evi-

dence supporting the use of 4-AP in certain patients with optic

neuropathy to improve visual function (patients with RNFL

between 60 and 80 mm).

RESULTS The table summarizes the baseline demo-
graphics for all subjects enrolled in the study (22 sub-
jects). After randomization, 2 subjects withdrew from
the study, leaving 20 patients to complete the study
(figure 1). There was one serious adverse event during
this study; a subject was hospitalized secondary to
hypokalemia thought to be unrelated to the study
medication (she had started another medication with
a known risk of hypokalemia). Only 14 patients (28
eyes) out of the 20 patients completing the study were
included in the analyses (figure 1).

The mean RNFL of the original 44 eyes (22 pa-
tients) was 76.05 (SD 6 14.83), which was not
significantly different from the mean RNFL of the
28 eyes analyzed at the conclusion of the study
(76.61; SD 6 14.92) (p 5 0.94).

The correlation between average RNFL and the
P100 latency as measured by VEP had a Pearson r

value of 20.4230. While there was not a significant
difference in the average improvement of VA (as mea-
sured by the 2.5% low-contrast VA chart) between the
placebo and 4-AP treatment regimens (p5 0.24, 95%

Table Baseline demographic informationa

Total
enrolled
cohort

Cohort
completing
study and
compliant

Subjects 22 14

Mean 6 SD age, y 43.2 6 10.3 46.6 6 8.37

Sex, n (%)

Female 18 (81.8) 11 (78.6)

Male 4 (18.2) 3 (21.4)

Race, n (%)

White 17 (77.3) 12 (92.9)

Black 2 (9.1) 0 (0.0)

Hispanic 2 (9.1) 0 (0.0)

Asian 1 (4.5) 1 (7.1)

Subtype of MS, n (%)

RRMS 21 (95.5) 13 (92.9)

SPMS 1 (4.5) 1 (7.1)

PPMS 0 (0.0) 0 (0.0)

On disease-modifying
therapy, n (%)

19/22 (86.4) 12/14 (85.7)

History of clinic
optic neuritis, n (%)

18 (81.8) 11 (78.5)

Disease-modifying
therapy, n (%)

19 (86.4) 12 (85.7)

RNFL at baseline
of all eyes

No. 5 44 No. 5 28

Minimum 46 50

Maximum 107 106

Mean 6 SD 76.05 6 14.83 76.61 6 14.92

Median 72 72

P100 latencies
at baseline of
all eyes

No. 5 42,
2 eyes not
measurable

No. 5 28

Minimum 80.8 80.8

Maximum 145.8 145.8

Mean 6 SD 106.8 6 17.7 109.3 6 19.0

Median 80.8 105

2.5% Low-contrast
visual acuity at
baseline of all eyes

Minimum 0 0

Maximum 47 41

Mean 6 SD 27.2 6 11.9 23.1 6 10.7

Median 29 25

Abbreviations: MS 5 multiple sclerosis; PPMS 5 primary
progressive multiple sclerosis; RNFL 5 retinal nerve fiber
layer; RRMS 5 relapsing-remitting multiple sclerosis; SPMS
5 secondary progressive multiple sclerosis.
aNo differences were significant.
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confidence interval [CI] 22.6 to 1.29), there were
more responders to the 4-AP arm of the study. Eight
of 28 (28.6%) of the eyes exposed to 4-AP improved by
7 or more letters on the low-contrast VA test compared
to only 3 of the 28 (10.7%) eyes exposed to placebo.
A significant treatment effect was seen in 7 of 28 eyes
while on 4-AP, compared to 1 of 28 on placebo.

When comparing the average change in P100 laten-
cies, there was a statistically significant difference between
the 4-AP and placebo arms. For the entire cohort of 28
eyes, the mean change in P100 latency while on placebo
was 1.57 compared to 21.20 while on 4-AP (p 5

0.004).When the RNFLmeasurements considered were
restricted to 60–80 mm (19 eyes), the mean change
while on placebo was 1.45 (95% CI 21.46 to 4.36)
compared to 21.89 (95% CI 23.71 to 20.07) while
on 4-AP (p 5 0.01). When the RNFL measurements
considered were restricted to 60–70 mm (12 eyes),
the mean change while on placebo was 2.57 (95%

CI 21.78 to 6.92) compared to 21.88 (95% CI
23.81 to 0.06) while on 4-AP (p 5 0.009).

A linear regression analysis identified a higher vari-
ance of change in P100 in eyes on placebo compared
to eyes on 4-AP, especially when focused on eyes with
a RNFL between 60 and 80 (figure 2). Two-way anal-
ysis of variance found that both treatment and RNFL
values were significantly associated with change in P100
(p 0.01 and ,0.0001, respectively).

DISCUSSION The primary objective of our study
was to determine whether 4-AP would improve VA
in patients with MS with optic nerve damage. Using
OCT and VEP, we also wanted to determine if a
structural and functional profile of responders could
be identified.

When defining responders as those who improved
by 5 or more letters on 2.5% low-contrast acuity test-
ing, a higher percentage of subjects responded while
on 4-AP compared to placebo (32% on 4-AP com-
pared to 14% on placebo). This is consistent with
previous studies of dalfampridine, the extended
release form of 4-AP, which found that there was only
a subset of responders to the medication.20

As a secondary outcome measure, we compared
change in P100 latency while on placebo vs 4-AP. Pa-
tients on 4-AP had a significantly larger decrease in
latency on VEP testing compared to those on pla-
cebo. When we graphed the change in P100 latency
while on placebo vs 4-AP, there was more variance
in the change in latency while on placebo. Patients
with an RNFL thickness of less than 60 mm did
not have as much of a decrease in latency, presumably
because the structural damage was too extensive in
these patients. This data suggest a more consistent,
uniform conduction of signal in 4-AP–exposed optic
nerves. Therefore, it appears that this medication
improved conduction speed along the demyelinated
optic nerve, consistent with its theorized mechanism
of action. The P100 measure has limited clinical
value, but based on this study, can be used as part
of an assessment tool to predict which patients are
more likely to visually respond to 4-AP.

Another goal of this study was to develop a
structural and functional profile of potential res-
ponders to 4-AP. Based on the clinical response
and P100 latency data, one would predict that a
group of patients with an RNFL thickness of 60–
80 mm would experience more of a treatment effect
than patients with RNFLs outside of that range. On
its own, a change in P100 is not clinically signifi-
cant, but this observation is consistent with our
hypothesis that this medication would have a
greater effect in those patients with mostly demye-
linating damage compared to those with more
structural axonal damage.

Figure 2 Linear regression of P100 latency change per RNFL measure during
placebo and 4-AP treatment

4-AP 5 4-aminopyridine; RNFL 5 retinal nerve fiber layer.
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The primary limitation of this study was the small
sample size; we may have observed a different effect of
4-AP on VA in a larger group of patients. VEP record-
ings were also not able to be interpreted in all patients
because of the multiple factors that can influence the
outcome of this test. Poor acuity often results in a
poor recording with unidentifiable peak latency.
The crossover design was not likely a factor in this
study given the short half-life of 4-AP. Future direc-
tions include a larger clinical trial of 4-AP in patients
with an RNFL thickness of 60–80 mm.
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