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HEHEE(CH (T D overwork weakness *!

FAUE BE 2*°  EEAEH—*

=R T

Overwork Weakness in Patients with Neuromuscular Diseases *!

Satoru SaEeki,*? Yasuyuki MatsusaiMA, *? Kenji Hacaisuga™®

Abstract : Overwork weakness (OW) or overuse weakness is a condition of “muscular weak-
ness that originates in an excessive physical activity” seen due to neuromuscular disease (NMD)
such as post-polio syndrome (PPS). The differential point between tiredness and OW is continu-
ous muscular weakness for a certain period with no improvement by muscle-strengthening exer-
cise. Pathophysiologically, OW is a secondary dysfunction that is caused by the excessive over-
load-damaged distal degeneration of massively enlarged motor units. Though patients with OW
have muscular pain and progressive muscular weakness, it is very difficult to determine whether
the cause is overwork or disuse. Measuring the serum creatine kinase (CK) value is one of the
effective discrimination methods. PPS patients with OW have normal motor and sensory nerve
conductions, but abnormal denervation potentials in needle EMG. Exercise for NMD patients
who develop OW easily should be performed based on a policy of “low load and high frequency”,
also lifestyle guidance and adjustment of braces are necessary. Acceding to the Cochrane review
on muscle strengthening exercise which relates to OW, clinicians are still afraid of OW, but there
is insufficient evidence for the general prescription of exercise programs in peripheral neuropa-
thy, amyotrophic lateral sclerosis and muscular dystrophy. (Jpn J Rehabil Med 2013 ; 50 :
795-798)

Key words - 11 #% f5 #< 8B (neuromuscular disease), @AM 1L T (overwork weakness),
R A HIEREEE (postpolio syndrome)
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overwork weakness

Muscle damage
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Recommendation-Level B

- Supervized muscle training (isokinetic & isometric) :
safe & effective for slightly or moderately weak mus-
cle group, but unknown for severe weakness and long-
term effect.

- Prevention of overwork weakness
~Intermittent breaks
—Periods of rest between series of exercise
—Submaximal exercise
~Warm climate
~Non-swimming water exercise
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The objective of this study is to eliminate slow re-
sponses that displace baselines positively. This is a key
component of an automated technique for determining
parameters of F-waves in an evoked potential obtained
by limb stimulation. We investigate five methods and
compare them to F-wave repeater data through visual
observation by experts.

Keywords: F-wave, electrodiagnosis, waveform analy-
sis, baseline, polynomial trendline

1. Introduction

The F-wave appears in evoked potentials of responses
to stimulation of points on the arm or leg. It involves
low-amplitude, inherently variable motor response pro-
duced by motor neurons. The appearance of the F-wave is
known to be closely related to the neuromuscular condi-
tion and has several useful parameters that help in the di-
agnosis of nervous diseases [1]. To determine parameter
such as the average of latency and amplitude, the num-
ber of repeater F-waves, the number of high-amplitude
F-waves, and the number of measurable F-waves in a se-
ries of F-waves, 100 or more stimuli are required. This
makes analyzing F-waves so cumbersome that it is now
rarely performed in clinical medicine. Establishing an au-
tomatic method of doing so is therefore now in great de-
mand in the clinic, and several attempts using computers
have ever made to obtain such parameters [2—4].

The goal of our study is to construct a system for auto-
matically detecting these parameters, number of repeater
F-waves, and high-amplitude F-waves. In this paper, we
select a suitable baseline. F-waves are usually on unstable
baselines that distort the F-wave. Removing the baseline
of each line is thus effective for determining parameters.
Five methods estimating the baseline for each line are
considered. We select repeater F-waves by an automatic
method after removing baselines using the five methods
above. Preparing manual data for repeater F-waves based

Vol.17 No.4, 2013

on visual observation by experts, we compare these five
methods.

2. Approximation Methods for Baselines

An F-response is a late muscle response that appears af-
ter an M-response. F-responses are distinctly smaller than
M-responses and larger than baselines. Baselines may,
however, significantly affect the shapes of F-responses.
We try to remove the baseline for detailed comparison of
F-responses.

To obtain a general view of response graphs, we set
a range (interval) to exclude M-responses and include F-
responses. We call this the farget range. To approximate
baselines, we set this range to include some baseline parts
near both edges of the interval. We assume that base-
lines consist of basic cyclic functions like sine curves, and
some variations in a local area. We approximate them by
using linear functions or cubic functions.

We consider five methods for approximating baselines,
i.e., a zero function for comparison (NULL), two least-
square-error regressions Reg. 1 and Reg. 3, and two ap-
proximation methods using edge values and gradients Di-
rect and Smooth. For regression methods, F-responses
have large error, and these do not constitute zero mean
noise. An approximated baseline may be influenced by
the F-response. For latter methods, F-responses have no
effect on approximated baselines, but these may fluctuate
because of small errors near the both edges. We compare
these advantages and disadvantages.

2.1. Regression Methods

Our objective is to eliminate a large oscillation wave (F-
wave) from a smooth curve (baseline). We select regres-
sion methods using simple linear and cubic functions to
remove a rapidly fluctuated wave. If the baseline is a sine
curve, for example, and noise, including the F-response, is
sufficiently small, cubic regression may give a better esti-
mation than linear regression. Because of the influence of

Journal of Advanced Computational Intelligence 535

and Intelligent Informatics
—172—



Fukuda, R. et al.

sl

original line
baseline

[ Y 4

Fig. 2. Baselines by edge values.

the F-response, however, the approximated baseline may
change, so it is difficult to determine which regression is
better. Fig. 1 shows approximation results.

2.2. Approximation by Edge Value

We consider two estimation methods, Direct and
Smooth, using edge values. Let [a,b] be the target range
and let function f(¢) (¢ € [a,b]) represent response poten-
tials. We assume that potential values are determined only
by baseline potentials near both edge points of the target
range. ‘

Direct defines a straight line connecting two edge
points (a, f(a)) and (b, f(b)). By using Smooth, we
obtain a cubic function, defined by (a, f(a), f'(a)) and
(b, f(b), f'(b)). In this case, coefficients of cubic function
F(t) = c3t> +cat? 41t + cp are calculated by the follow-
ing equation:

2

@ a a1 3 f(a)
362 20 1 0 o | _ f(a) n
»¥ v b1 c f(b)
32 26 1 0 co f'(b)

This matrix is invertible if a # b; f'(a) and f'(b) are ob-
tained by local linear regression. Approximation results
of these methods are shown in Fig. 2.

3. Comparison of Baseline Type Using Distance

Shapes of F-waves are assumed to be very similar when
they are derived from the same motor unit. The number
of motor units is then estimated by counting the groups
of F-waves. This usually requires a human decision and
grouping tasks are extremely difficult, especially when the
data amount is large. To simplify these tasks, we propose
several sort functions.

536 Journal of Advanced Computational Intelligence

Fig. 3. Sort resulits.

3.1. Definition of Distance

We select a typical response curve and other curves
are sorted according to the distances from the selected
one. Let {f()}5_, and {g(tx)}X ; be two time series
of potentials. Each response curve has its own baseline.
Let {f®)(1)}K , and {g®)(1)}X_, be the corresponding
baselines. The distance between f and g is defined by

Ky—1

d(f,g) = <K2iK1 k;{ <(f(l‘k) — s (fk)>

1

~ (80 —g(“(tk)))z) , )

where [tx, ,1k,| is the target range. We define five baseline
types, so by the above definition, we define five distance
operators.

3.2. Sort Results

The main objective of sort functions is to gather simi-
lar responses in a small area. Distances are summations
of square values of differences. Distances between two
similar responses then take small values. The distance is
not large, however, compared to other similar pairs, even
if typical shapes of the potential curve are different from
each other. We therefore do not expect all top-ranked re-
sponses to be similar to the fixed response, while we ex-
pect all similar responses to have a higher rank in sort re-
sults. The operator then need only select similar responses
while avoiding exceptional responses. Fig. 3 shows the
first part of sort results for 100 responses from one per-
son. The baseline type according to distance is Smooth.

Of 100 responses, we selected similar responses and
created 4 groups. For each group, we selected one re-
sponse and sorted all responses according to 4 distance
operators. We obtained 4 arranged sequences for each
group, and all group members had a higher rank for ev-
ery sort result. Table 1 lists the last rank number of group
elements. The average rank for Direct is the lowest among
these sort methods.

3.3. Group Error

We assume that a baseline exists for each response and
that apparent F-responses in the same group are given by
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Table 1. Group element ranking.

1 2 1314 Ave.
Element Gr. 9 8 [ 812 6.75
Baseline Type | Last rank of same group elements
Null 201201813 12.75
Reg. 1 19118183 12.00
Reg. 3 1911983 12.25
Direct 19116183 11.50
Smooth 221171813 12.50
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Null: No base line.

Direct: Linear function defined by two edge values.

Reg1: Regression line.

Reg3: Regression cubic function.

Smooth: Cubic function defined by two edge values and gradients.

Fig. 4. Group errors.

adding a unique F-response to the corresponding baseline.
All responses in the same group must then be nearly iden-
tical if we remove correct baselines.

We define five baseline types. We also define an evalu-
ation value to estimate the correctness of a baseline type.
Let {F; = {fj(fk)}kKiKl :j=1,...,N} be a group of simi-
lar F-responses and let {B; = {b;(#) kKiK] cj=1,...,N}
be the corresponding baselines. We then define group er-
ror GE by

GE =
Ky

Y ((filt) = bilt)) = (f5(1) = bj(8e))’

1<i<j<N k=K,
N(N=1)
2

-3
X (Kz—Kl—l-l)

3.4. Comparison Results

We created groups of similar F-responses. These con-
sist of 2 to 9 response potential series selected from
among 100 data values by human decision. We defined 5
baseline estimation methods and obtained 5 group errors.
Fig. 4 graphs group errors. According to this result, cubic
regression is the best method for estimating the baseline.
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Fig. 5. Number of F-responses in extracted groups.

4. Comparison of Baseline Types Using
Variance

In the early stage of F-response analysis, we must
extract F- and non-F-responses automatically or semi-
automatically. We also need unbiased data for these ex-
tractions. Our next objective is to create three groups of
responses:

1. Define the time interval in which F-responses appear.
2. Create a baseline for each response.

3. Calculate the mean square differences between orig-
inal and baseline curves.

4. Divide the minimax interval of mean square differ-
ences into three intervals.

5. For each interval, select 10 responses randomly from
among data on 100 responses. Corresponding mean
square differences are within the interval range.

If the correct baseline is selected for one response and if
it is not an F-response, the mean square difference is close
to zero. Assume that the variations of these values of F-
responses are not large, so F-responses appear mainly in
the largest group and almost all members in the smallest
group are not F-responses. Fig. 5 shows experimental re-
sults for 10 data files, each of which contains data on 100
response. The average number of F-responses for each
group is calculated for five baseline types.

For the medium group, values of standard deviations
are very large, (i.e., 3.6 ~ 4.2). The situation changes
file by file. In some files, all responses in the medium
group are F-responses, while in other files, there are no
F-responses in this group. We could not extract a mixed
family of F- and non-F-responses.

The most suitable baseline for the extraction of F-
responses may be Direct or Reg. 1, and of non-F-
responses, Reg. 3. For the extraction of F-response
curves, approximation by a cubic function sometimes gets
trapped in overfitting and, in general, boundary directions
are not stable. When there is no large variation, i.e., in the
non-F-response case, the shapes of the graph are very sim-
ple and higher-degree regression may be effective. Both
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baselines, Direct and Reg. 1 are suitable enough for semi-
automatic analysis of F-responses. Some additional hu-
man checks will be performed.

5. Conclusions

We have discussed several methods for approximat-
ing baselines using sort results according to correspond-
ing distances, mutual square error in groups, and mean
square differences between an original response curve and
the corresponding baseline. Direct (straight line joining
ends together) is the best method according to sort re-
sults, while square errors of Reg. 3 (cubic regression) in
the same F-response group are the smallest. Direct and
Reg. 1 (linear regression) are more accurate for extract-
ing F-response using a mean square difference, whereas
Reg. 3 is more accurate for non-F-response extraction.
There is no significant difference among them, although
Reg. 3 marks good — sometimes even best — results for
each analysis. We therefore consider this baseline to be
the best among 5 baseline types. Future studies should
consider the following topics:

1. Clarifying which features are advantageous for each
baseline type and establishing suitable usage.

2. Creating a database of groups of similar F-responses.

3. Finding feature values according to which F-
responses can be compared.

4. Evaluating the degree of similarity between F-
responses.
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Abstract Mutations of the early growth response 2 (EGR2) gene have been reported
in a variety of severe demyelinating neuropathies such as autosomal recessive congenital
hypomyelinating neuropathy, autosomal dominant child-onset Dejerine-Sottas neuropathy,
and autosomal dominant adult-onset Charcot-Marie-Tooth disease (CMT). Here, we report
on a heterozygous mutation in EGR2 (c.1160C>A), which results in threonine at position
387 being changed to asparagine, in a family with a mild demyelinating form of adult-onset
CMT. Of note, both the proband and her asymptomatic son exhibited neither pes cavus
nor champagne-bottle leg atrophy, suggesting that the heterozygous T387N mutation may
result in a relatively mild phenotype of demyelinating CMT.

Key words: Charcot-Marie-Tooth disease, demyelinating neuropathy, EGR2 mutation,

heterozygous mutation, mild phenotype

Introduction
Subtype of CMT and associated gene mutation

This case report chronicles a family with autosomal
dominant demyelinating Charcot-Marie-Tooth disease
(CMT) and mutations in the early response 2 gene
(EGR2) (CMT1D, OMIM 607678).

Description of the case

The proband was a 46-year-old woman who had
been healthy until 2 years ago, when she noticed a
subtle tingling sensation on the dorsal aspect of her
left hand. One year later, she started to have difficulty
screwing off bottle caps and visited our facility. The
proband was the only daughter of a father who died
due to gastric cancer at 59 years of age and a mother
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Neurology, Kyoto Prefectural University of Medicine, Graduate
School of Medicine, Kajicho 465, Kamigyo-ku, Kyoto 602-
8566, Japan. Tel: +81-76-2561-6793; Fax: 4+81-75-211-8645; E-mail:
kenshiga@koto.kpu-m.ac.jp

© 2012 Peripheral Nerve Society

who died due to diabetes at 63 years of age; neither
parent had neuromuscular disease, but the mother
was known to be a slow runner. The patient had three
sons: the eldest was a 24-year-old part-time worker,
the second was a 19-year-old office worker, and the
youngest was a 16-year-old high school student. All of
them were able to run, but the second son was a slow
runner when he was a student.

Neurological examination of the proband revealed -
that the cranial nerves were normal. The left thenar
prominence showed mild atrophy; however, neither
hammer toes nor pes cavus were noticed. The
Medical Research Council {MRC) scores were 4
in the abductor pollicis brevis, tibialis anterior, and
extensor hallucis longus muscles, and 5 in the other
muscles. Sensations were preserved except for subtle
paresthesias on the dorsal aspect of her left hand. Both
patellar tendon reflexes and Achilles tendon reflexes
were absent, whereas reflexes were preserved in the
upper extremities.

The results of nerve conduction studies (NCS)
of the proband are shown in Table 1. Distal motor
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Table 1. Results of the motor nerve conduction and
sensory nerve conduction studies in the proband.

Median Ulnar Tibial
nerve, right nerve, right nerve, right

Motor nerve conduction study

Distal latency (ms) 5.96 4.12 6.72

CMAP (mV) 7.33 10.18 7.28

Duration (ms) 6.16 6.14 7.36

MCV (m/s), distal 24.0 28.9 23.2
segments

MCV (m/s), 26.1 25.9 -
proximal

segments

Sensory nerve conduction study
SNAP (pnV) 1.3 0.9 Not evoked
SCV {(m/s) 29.6 32.9 —

The distal median nerve MCV was measured between the wrist and
elbow, whereas the proximal median nerve MCV was measured
between the elbow and axilla. The distal ulnar nerve MCV was
measured between the wrist and below the elbow and the proximal
ulnar nerve MCV was measured below and above the elbow. The
tibial nerve MCV was measured between the ankle and popliteal
fossa. SCVs were measured between the wrist and the index and
between the wrist and little fingers in the median and ulnar nerves,
respectively, and between the LM and the distal shin 14 cm proximal
to the LM.

CMAP, compound muscle action potential; LM, lateral malleolus;
MCV, motor conduction velocity; SCV, sensory conduction velocity;
SNAP, sensory nerve action potential.

latencies were prolonged in the median, ulnar, and
tibial nerves. The motor nerve conduction velocities
(MCVs) of these nerves were decreased equally in
both the distal and proximal segments and the electric
thresholds were markedly increased elsewhere. On
the other hand, the compound muscle action potentials
were relatively preserved. In the sensory NCS, sensory
nerve action potentials (SNAPs) were markedly
reduced or were not elicitable. The symmetric and
uniform slowing of MCVs in a length-dependent
manner suggested dysmyelination, the developmental
defect in myelination, favoring a diagnosis of CMT1
(demyelinating form).

After obtaining a written informed consent from
the patient, DNA was extracted from the proband's
lymphocytes and was subjected to fluorescence in
situ hybridization analysis for peripheral myelin protein
(PMP22) duplication. Results showed the presence
of the normal two copies of the gene. DNA was
then analyzed further using a custom-built GeneChip®
CustomSeg® Resequencing Array (Affimetrix, Santa
Clara, CA, USA). This array was designed to screen
for the following 28 CMT-related genes: PMPZ2,
myelin protein zero (MPZ), gap junction protein beta
1 (GJB1), EGR2, periaxin (PRX), lipopolysaccharide-
induced TNF factor (LITAF), neurofilament light chain
(NEFL), ganglioside-induced differentiation association
protein 1 (GDAPT), myotubularin-related protein 2
(MTMR2), SH3 domain and tetratricopeptide repeats

Journal of the Peripheral Nervous System 17:206-209 (2012)

2 (SH3TC2), SET-binding factor 2 (SBF2), N-myc
downstream regulated 1 (NDRGT), mitofusin 2
(MFN2), rab-protein 7 (RAB7), glycyl-tRNA synthetase
(GARS), heat shock 27 kDa protein 1 (HSPB1), heat
shock 22 kDa protein 8 (HSPBS8), lamin A/C (LMNA),

 dynamin 2 (DNM2), tyrosyl-tRNA synthetase (YARS),
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alanyl-tRNA synthetase (AARS), lysyl-tRNA synthetase
(KARS), aprataxin (APTX), senataxin (SETX), tyrosyl-
DNA phosphodiesterase 1 (TDP1), desert hedgehog
(DHH), gigaxonin 1 {(GANT1), and K-CI cotransporter
family 2 (KCC3). The technical details of the array
have been described in another publication (Nakamura
etal., 2012). The authors had obtained the approval
of the genetic analysis using GeneChip from the
institutional review boards of both institutions (Kyoto
Prefectural University of Medicine and University of
Kagoshima). The results showed a novel heterozygous
mutation in EGR2 (c.1160C>A) resulting in change
of threonine at position 387 to asparagine (Fig. 1).
To elucidate the pathogenicity of this mutation, we
performed familial segregation analysis. The proband
and all her sons agreed to participate in the study on
written informed consent. Neurological examination of
the second son unexpectedly revealed mild weakness

of the extensor hallucis longus and tibialis anterior

muscles, with an MRC score of 4. In addition, he had
diminished patellar and Achilles tendon reflexes. In
contrast, the eldest and youngest sons had normal
neurological examination findings. The results of NCS
for the right median nerve of the proband and her three
sons are shown in Table 2. The median MCVs were
decreased to 21.5 and 19.5 m/s in the proband and her
second son, respectively, whereas those of the eldest
and youngest sons were within the normal range.
In addition, median SNAPs and sensory conduction
velocities were also decreased in the proband and
her second son, but remained normal in the other
sons. The direct sequencing of EGRZ revealed a
heterozygous ¢.1160C>A mutation in the second son
and a homozygous wild-type sequence in the other
sons (Fig. 1). In summary, the heterozygous mutation
of EGR2 (c.1160C>A) was associated with a mild
demyelinating neuropathy phenotype in this family.

Discussion

EGR2 is a "master" transcription factor that
regulates myelination of the peripheral nervous system
and plays a role in the maintenance of myelin
{Toplko etal, 1994, Warner etal., 1998). Genetic
alteration of EGRZ2 results in a variety of relatively
severe demyelinating neuropathies such as congenital
hypomyelinating neuropathy (Warner etal, 1998),
childhood-onset Dejerine-Sottas neuropathy (DSN)
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Figure 1. Family segregation study. -2 (closed arrow): the proband, lI-1: eldest son, 1I-2: second son, Il-3: youngest son.
Compound muscle action potentials (CMAPSs) elicited by supramaximal stimulation of the right median nerve at the wrist and
elbow were obtained for each family member, and these CMAPs were superimposed on each other. The onset of CMAPs
was delayed in both |-2 and 11-2. The chromatograms of the direct sequencing of exon 2 of early response 2 gene (EGR2) are
shown below. A heterozygous ¢.1160C>A mutation was noted in both |-2 and 11-2.

Table 2. Motor nerve and sensory nerve conductions in et al., 1998; Bellone et al., 1999; Yoshihara et al., 2001;
the median nerve of the proband and her sons. Vandenberghe et al., 2002; Mikesovs et al., 2005). In
Family member -2 H-1 -2 §-3  contrast, the proband in this report exhibited a rather
milder phenotype, without typical features of CMT,

Motor nerve conduction such as champagne-bottle leg atrophy or pes cavus.
Distal latency (ms) (<4.2) 6.6 2.8 6.7 3.0 We consider ¢.1160C>A (p. Thr387Asn) in EGR2
CMAP (mV) (>3.5) 54 107 104 89 in the proband to be pathogenic for the following
Se“::(xy(glse(zgggucﬁon 215 561 190 576 oaqons. First, the amino acid alteration was clearly
SNAP (uV) (>19) 11 433 18 308  segregated in this family both with the reduced MCVs
SCVT (m/s) (>47) 252 620 254 556 and with the mild neuropathic phenotype. Second,

. . ) the nucleotide variation (c.1160C>A) has not been

CMAP, compound muscle action potential; -2 {closed arrow in . . R
Fig. 1), the proband; II-1, eldest son; II-2, second son; H1-3, youngest reported either in the dbSNP database or in the
son; MCV, motor conduction velocity; SCV, sensory conduction 1,000 genome catalog (as of January 2012). Third
velocity; SNAP, sensory nerve action potential. ! . . . . ;
*MCVs were measured between the wrist and elbow. the 387th amino acid threonine, located in the second
1SCVs were measured between the wrist and index finger in the zinc—ﬂnger domain of the EGR2 protein is well con-

median nerves. . . o

served among different species ranging from humans
) to zebra fish. We thus assume that this amino acid
(Boekoel et al., 2001, Numakura et al., 2003; Szigeti  alteration can affect the DNA-binding capacity of

etal, 2007), and adult-onset CMT type 1 (Warner  the protein transcription factor, possibly leading to
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a defect in the myelinating process of Schwann cells.
Finally, we computationally predicted the effect of
p.Thr387Asn (T387N) on protein function using two
distinct pathogenicity prediction algorithms: PolyPhen-
2 (http://genetics.bwh.harvard.edu/pph2/) and Muta-
tionTaster (www.mutationtaster.org). Both programs
predicted that T387N is most likely damaging or
pathogenic (data not shown). The results of the seg-
regation studies, conservation of T387 in a variety of
species, and results of the two prediction algorithms
point to the pathogenicity of T387N, presumably result-
ing in the demyelinating neuropathy.

Up to thirteen EGRZ mutations have been
reported to date in demyelinating neuropathies, most
of which have early-onset or severe phenotypes.
For instance, patients with D355V, R359W, R358Q,
R381H, and R409W exhibit a child-onset CMT1
phenotype, whereas patients with R381H and G412V
exhibit DSN. While nine patients exhibited severe
childhood-onset CMT or DSN/CHN, one patient with
R381C presented with an adult-onset mild CMT1
phenotype at 59 years of age. Similar to the case
presented in this report, the patient with R381C also
exhibited a mild demyelinating phenotype without
atrophy of the tibialis anterior muscle. The clinical
findings in the proband can be explained, in part, by a
weak pathogenicity T387N mutation, possibly because
both threonine and asparagine are hydrophilic polarized
amino acids, and thus, the mutation resulted only in
mild functional loss of EGR2.

Recognition of the mild CMT phenotype can be
critical for two reasons. First, some patients with CMT
disease with atypical presentations, such as asym-
metric symptoms, can be misdiagnosed as having
chronic inflammatory demyelinating polyradiculoneu-
ropathy (CIDP) and may be treated with unneces-
sary and costly therapeutic interventions such as
immunoglobulin administration. Second, recognition
of CMT can prevent the administration of potentially
risky neurotoxic drugs, for example, vincristine, which
can be toxic in the demyelinating form of CMT (Weiss
et al., 1974). This form of CMT has recently been found
in another patient with an EGR2 mutation (Nakamura
et al., 2012). Therefore, we consider that early recogni-
tion and diagnosis of CMT is crucial, even if the patient
presents with a mild phenotype as in this case.
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Demyelinating Features in Sensory Nerve Conduction
in Fisher Syndrome

Kensuke Shiga, Yukiko Tsuji, Chihiro Fujii, Yu-ichi Noto and Masanori Nakagawa

Abstract

Objective A significant number of patients with Fisher syndrome (FS) exhibit sensory symptoms in addi-
tion to the classical triad of opthalmoplegia, ataxia and areflexia. Previous studies have shown the amplitudes
of sensory nerve action potentials (SNAPs) to decrease in patients with FS, thus implying the presence of an
axonal pathology in the sensory nerves.

Methods We included ten consecutive patients with FS who were divided into the following two groups:
those with hypesthesia (group H) and those without hypesthesia (group NS). The parameters obtained from
nerve conduction studies (amplitudes of compound muscle action potentials, motor conduction velocities, am-
plitudes/duration of SNAPs and sensory conduction velocities) were retrospectively compared between -the
two groups. In addition, follow-up sensory nerve conduction studies were conducted in one representative pa-
tient from each group. :

Results Of the 10 patients with FS, four (40%) showed hypesthesia and eight (80%) showed distal pares-
thesia. The amplitudes of the SNAPs of both the median and sural nerves were lower in group H than in
group NS. Moreover, the duration of the sural SNAPs was longer in group H than in group NS. Desynchro-
nization of SNAPs in the acute phase was observed during follow-up in both patients who underwent follow-
up studies.

Conclusion The prolonged duration of SNAPs in group H and the desynchronization of SNAPs in the two
patients who underwent follow-up studies suggest the presence of a concomitant demyelinating process in the
Sensory nerves.

Key words: Fisher syndrome, hypesthesia, nerve conduction study, sensory nerve action potential, demyeli-
nation, temporal dispersion

(Intern Med 51: 2307-2312, 2012)
(DOI: 10.2169/internalmedicine.51.7828)

plained of distal dysesthesia and deep sensory deficits (1).

Introduction

Fisher syndrome (FS) is a postinfectious neuropathy char-
acterized by the clinical triad of ophthalmoplegia, ataxia and
hyporeflexia/areflexia. Most patients with FS are positive for
serum GQ1b antibodies (1, 2). The presence of the triad is
essential for making a diagnosis of ES (3), whereas sensory
symptoms are generally underemphasized. However, in a
large case series, it was reported that 14-45% of patients
with FS have dysesthesia, 7-50% have superficial sensory
deficits and 9-25% have deep sensory deficits (4-7). In addi-
tion, two of the three original cases reported by Fisher com-

Distally dominant sensory symptoms, which are often pre-
sent in a variety of polyneuropathies, may be crucial for
achieving a better understanding of the neuropathic nature
of FS since sensory nerve functions can be assessed with
nerve conduction studies (NCS).

FS patients exhibit a lack of motor weakness in the ex-
tremities, and compound muscle action potentials (CMAPs)
and motor conduction velocities (MCVs) are within normal
ranges in these patients (8). In contrast, sensory nerve con-
duction studies (SNCSs) show decreased amplitudes of sen-
sory nerve action potentials (SNAPs) in 70-90% of Cauca-
sian patients with FS (8-10). Earlier reports from a small
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