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Abstract

Episodic ataxia type 2 (EA2) is a rare autosomal dominant disorder associated with mutations of the CACNAIA gene.' Because
there is no curative therapy available, EA2 is typically managed symptomatically. First line treatment has typically been with acet-
azolamide.? Dalfampridine has also been noted to decrease the frequency and duration of ataxic attacks in patients ranging in age
from adolescence through adulthood.®* The efficacy and dosing of dalfampridine has not yet been studied in younger pediatric
populations. The lack of published experience in younger children can and has led to these patients going without potentially safe
and effective treatment. Thus, we describe an 8-year-old girl with EA2 and a confirmed CACNA/A gene mutation whose symp-
toms had been previously unrelieved by acetazolamide. She was subsequently trialed on dalfampridine and experienced sympto-

matic relief at a dose of 0.3 mg/kg.
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Introduction

Episodic ataxias (EAs) are autosomal dominant neurological
conditions characterized by episodes of imbalance and incoor-
dination.” Symptoms are mainly cerebellar in origin due to gene
mutations resulting in potassium and calcium channelopathies,
which are heavily distributed in this region of the brain.> At
least six distinct EA syndromes have been identified, with
EA2 anecdotally appearing to be the most common syndrome.®

EA2 is associated with mutations of the CACNAIA gene.!
When compared to the other episodic ataxias, EA2 is character-
ized by earlier age of onset and prolonged ataxic attacks lasting
hours to days accompanied by vertigo, nausea, and vomiting.’
Attacks are often provoked by exercise or stress. Other findings
include interictal nystagmus and other central ocular motor
abnormalities, most frequently downbeat nystagmus.® EA2
has also been associated with anxiety and poor performance
in school.”

Because there is no curative therapy available, EA2 is typi-
cally managed symptomatically with the first-line acetazol-
amide, a carbonic anhydrase inhibitor® at dosages of 250 to
1000 mg/day.* Acetazolamide was serendipitously found to
be effective in episodic ataxia in 1978, but the exact mecha-
nism of its efficacy remains unclear.®° While approximately

50 to 75% of EA2 patients report symptomatic relief with acet-
azolamide,® there have been no randomized controlled trials
demonstrating its effectiveness,>'® and the adverse effects
can be dose-limiting, including paresthesias, stomach upset,
and nephrolithiasis."'

More recently, the potassium channel-blocker dalfampridine
has also been found to decrease the frequency and duration of
ataxic attacks in patients ranging in age from adolescence
through adulthood>* at a dose of 5 to 10 mg TID.'® This drug
is the extended-release form of fampridine or 4-aminopyridine
and has historically been marketed for multiple sclerosis patients
with difficulty walking.'? Because ataxia in EA2 is likely attrib-
uted to Purkinje cell dysfunction, inhibition of potassium chan-
nels may increase action potential duration, resulting in
improved action potential conduction and neurotransmitter
release, thereby resulting in fewer episodes of ataxia.'*'*
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Dalfampridine is generally well-tolerated, although it may
rarely trigger seizures, and it is not recommended for use in
those with moderate to severe renal impairment.'? The efficacy
and dosing of dalfampridine has not yet been studied in younger
pediatric populations.

Case

A young girl was first noted by her caretakers to exhibit nystag-
mus with a prominent head tilt by 9 months of age as she began
sitting on her own. By 12 months, she demonstrated adequate
developmental progress, although she did qualify for behavioral
interventions for sensory issues and repetitive activities. By 20
months, in addition to intermittent downbeat nystagmus, she
had numerous behavioral issues, and a mild baseline ataxia pri-
marily characterized by gait unsteadiness. However, she was
also frequently falling out of proportion to her relatively mild
ataxia. At age 7, she was confirmed to have a calcium
channel CACNAIA gene mutation and diagnosed with EA2.
Episodic ataxia had not yet been investigated as a cause of
her falls. At the time of referral to our office on her initial exam-
ination, her physical exam features were similar to what was
seen earlier in childhood with downbeat nystagmus and gait
ataxia.

Of note this patient’s mother had a history of recurring epi-
sodes of dizziness, which started in adolescence. Lasting
minutes to hours, these episodes were abrupt in onset and
involved problems with balance and walking. Between epi-
sodes, no issues were reported. In the context of an additional
history of intellectual disability with an IQ of 72, mental
health diagnoses (bipolar disorder, anxiety, oppositional
defiant disorder), and chronic alcohol and drug abuse, her pro-
viders had believed these episodes to be functional in nature.

To aid with nystagmus, our patient was initially started on
acetazolamide. She experienced no relief in balance or nystag-
mus, however, so she was weaned off this medication after one
month. Her care was ultimately transferred to the institution of
the authors for a second opinion, and she was subsequently
trialed on dalfampridine 10 mg twice daily. Her weight at the
time was 34 kg. After beginning dalfampridine, the patient
was noted to have cessation of falling episodes, improvement
in gait ataxia, and lessened nystagmus. In retrospect, her daily
multiple falls were secondary to episodic ataxia, and the addi-
tion of dalfampridine stopped her falls entirely. She initially
complained of some associated dizziness with dalfampridine
10 mg twice daily, but this quickly subsided with reduction to
a single daily dose of 10 mg. The benefit was sustained at
this lower dose, and no other adverse effects were noted.
When the patient’s family ran short of medication and paused
dalfampridine, she resumed having symptoms. Symptoms
were again controlled when medication was restarted.

Discussion/Conclusion

Use of dalfampridine for symptomatic management of EA2 has
not previously been reported in young children. This case report

demonstrates its efficacy and tolerability in an 8-year-old
female with EA2 secondary to CACNAIA gene mutation,
whose symptoms had been previously unrelieved with
acetazolamide.

This child’s delayed diagnosis and symptom management
demonstrates how EA2 could easily go undetected in this age
group, with falls being attributed to childhood clumsiness or
functional causes. Frequent falls in a patient with a known
genetic mutation that can lead to EA2 warrants a medication
trial. In a patient with baseline ataxia but without a known
genetic mutation, the authors would also recommend consider-
ing a medication trial to address unexplained falls.

In a 2011 randomized trial studying the effects of dalfampri-
dine in ten patients with EA2, administration of dalfampridine
yielded a significant reduction in attack frequency from 100%
to 34.13% as compared to placebo.® In addition, patients expe-
rienced an improved quality of life and the medication was
well-tolerated.> A 2004 randomized trial also demonstrated
symptoms returning after dalfampridine was stopped, only to
attenuate once the medication was resumed.* While a 2011
study did include two adolescents receiving a dosage of 5 mg
three times daily,® the efficacy and dosing of dalfampridine
has not yet been studied in younger pediatric populations.
EA2 is so rarely diagnosed in this age group that a comparable
randomized controlled trial may never be achievable.
Therefore, case reports and other anecdotal evidence may be
the best that can be achieved to move these patients toward
life altering treatment.

A lack of publications and familiarity with dalfampridine for
this indication in this age group led to a delay in effective care.
We have demonstrated that dalfampridine can be efficacious
and well tolerated in elementary school aged children. Our
case, combined with previously published cases in adolescents,
provides a reasonable starting point for weight-based dosing for
dalfampridine in children (approximately 0.3 mg/kg).

Ethics Approval

Our institution does not require ethical approval for reporting individ-
ual cases.

Informed Consent

Verbal informed consent was obtained from a legally authorized repre-
sentative for anonymized patient information to be published in this
article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, authorship
and/or publication of this article.

Trial Registration

Not applicable, because this article does not contain any clinical trials.



Malamud and Otallah

ORCID iD

Emily Malamud

https://orcid.org/0000-0002-2694-9244

References

L.

Ophoff RA, Terwindt GM, Vergouwe MN, et al. Familial hemi-
plegic migraine and episodic ataxia type-2 are caused by mutations
in the Ca2+ channel gene CACNL1A4. Cell. Nov 1 1996;87-
(3):543-552. doi:10.1016/s0092-8674(00)81373-2.

. Ilg W, Bastian AJ, Boesch S, et al. Consensus paper: management

of degenerative cerebellar disorders. Cerebellum. Apr 2014;13-
(2):248-268. doi:10.1007/s12311-013-0531-6.

. Strupp M, Kalla R, Claassen J, et al. A randomized trial of 4-amino-

pyridine in EA2 and related familial episodic ataxias. Neurology. Jul
19 2011;77(3):269-275. doi:10.1212/WNL.0b013e318225ab07.

. Strupp M, Kalla R, Dichgans M, et al. Treatment of epsiodic ataxia

type 2 with the potassium channel blocker 4-aminopyridine.
Neurology. 2004;62(9):1623-1625.

. Jen JC, Graves TD, Hess EJ, et al. Primary episodic ataxias: diag-

nosis, pathogenesis and treatment. Brain. Oct 2007;130(Pt
10):2484-2493. doi:10.1093/brain/awm126.

. Jen J, Kim GW, Baloh RW. Clinical spectrum of episodic ataxia

type 2. Neurology. Jan 13 2004;62(1):17-22. doi:10.1212/01.
wnl.0000101675.61074.50.

. Nachbauer W, Nocker M, Karner E, et al. Episodic ataxia type 2:

phenotype characteristics of a novel CACNA1A mutation and

10.

11.

12.

14.

review of the literature. J Neurol. May 2014;261(5):983-991.
doi:10.1007/s00415-014-7310-2.

. Griggs RC, Moxley RT, Riggs JE, Engel WK. Effects of

Acetazolamide on myotonia. Ann Neurol. Jun 1978;3(6):531-
537. doi:10.1002/ana.410030614.

. Gordon N. Episodic ataxia and channelopathies. Brain Dev. Jan

1998;20(1):9-13. doi:10.1016/s0387-7604(97)00086-7.

Strupp M, Teufel J, Zwergal A, Schniepp R, Khodakhah K, Feil K.
Aminopyridines for the treatment of neurologic disorders. Neurol
Clin Pract. Feb 2017;7(1):65-76. doi:10.1212/CPJ.00000000
00000321.

Feil K, Bremova T, Muth C, Schniepp R, Teufel J, Strupp M.
Update on the pharmacotherapy of cerebellar ataxia and nystag-
mus. Cerebellum. Feb 2016;15(1):38-42. doi:10.1007/s12311-
015-0733-1.

Goodman AD, Brown TR, Krupp LB, et al; on behalf of the
Fampridine MS-F203 Investigators. Sustained-release oral fampri-
dine in multiple sclerosis: a randomised, double-blind, controlled
trial. Lancet. 2009;373:732-738.

. Walter JT, Alvina K, Womack MD, Chevez C, Khodakhah K.

Decreases in the precision of purkinje cell pacemaking cause cer-
ebellar dysfunction and ataxia. Nat Neurosci. Mar 2006;9(3):389-
397. doi:10.1038/nn1648.

Smith KJ, Felts PA, John GR. Effects of 4-aminopyridine on
demyelinated axons, synapses and muscle tension. Brain. Jan
2000;123 (Pt 1):171-184. doi:10.1093/brain/123.1.171.


https://orcid.org/0000-0002-2694-9244
https://orcid.org/0000-0002-2694-9244
https://doi.org/10.1016/s0092-8674(00)81373-2
https://doi.org/10.1016/s0092-8674(00)81373-2
https://doi.org/10.1016/s0092-8674(00)81373-2
https://doi.org/10.1007/s12311-013-0531-6
https://doi.org/10.1007/s12311-013-0531-6
https://doi.org/10.1007/s12311-013-0531-6
https://doi.org/10.1007/s12311-013-0531-6
https://doi.org/10.1212/WNL.0b013e318225ab07
https://doi.org/10.1093/brain/awm126
https://doi.org/10.1212/01.wnl.0000101675.61074.50
https://doi.org/10.1212/01.wnl.0000101675.61074.50
https://doi.org/10.1007/s00415-014-7310-2
https://doi.org/10.1007/s00415-014-7310-2
https://doi.org/10.1007/s00415-014-7310-2
https://doi.org/10.1007/s00415-014-7310-2
https://doi.org/10.1002/ana.410030614
https://doi.org/10.1016/s0387-7604(97)00086-7
https://doi.org/10.1016/s0387-7604(97)00086-7
https://doi.org/10.1016/s0387-7604(97)00086-7
https://doi.org/10.1212/CPJ.0000000000000321
https://doi.org/10.1212/CPJ.0000000000000321
https://doi.org/10.1007/s12311-015-0733-1
https://doi.org/10.1007/s12311-015-0733-1
https://doi.org/10.1007/s12311-015-0733-1
https://doi.org/10.1007/s12311-015-0733-1
https://doi.org/10.1038/nn1648
https://doi.org/10.1093/brain/123.1.171

	 Introduction
	 Case

	 Discussion/Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


