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Dear Sirs,

A 69-year-old woman was referred to our clinic because of -

a 6-month history of progressive muscle weakness. Five
years previously, when she was diagnosed as having
nephrotic syndrome, the renal biopsy showed deposition of
AL-amyloid. Subsequent investigations revealed multiple
myeloma with A-type Bence-Jones protein at stage 3
according to the international staging system. A course of
vincristine, doxorubicin and dexamethasone (VAD) and an
additional course of cyclophosphamide were administered,
followed by another course of melphalan (L-PAM) at age
67. The proteinuria slightly improved but persisted for 5
years, when proximal weakness developed.

Neurological examination revealed proximally domi-
nant weakness with MRC scale 4 in the deltoid and 3 in
the iliopsoas muscles and she was unable to stand up
from a full squat. Serum creatine kinase (CK) elevated to
3,399 U/L. Electromyography showed a myogenic pattern
with small motor unit potentials, fibrillation potentials
and early recruitment pattern. Muscle biopsy revealed a
variation of fiber size, little infiltration of inflammatory
cells, and homogeneous accumulations beneath the mus-
cle membrane (Fig. 1a). Congo red-positive materials
were noted both in vessel walls and in muscle fibers
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(Fig. 1b, ¢, d) with fluorescence for rhodamine, consistent
with amyloid deposition, the hallmark of amyloid
myopathy. We were not able to identify whether the
deposits were located beneath the basal lamina or the
plasmalemma due to lack of electron microscopic
preparation.

Five years ago, the serum CK value was 110 U/L
(Fig. 2). Two years later, when her nephrotic syndrome
deteriorated, the CK elevated to 2,336 IU/L without overt
weakness. Interestingly, after she received L-PAM, the
CK decreased to 120 U/L just 1 month after the treat-
ment. When girdle weakness developed 6 months ago,
the CK again soared to 3,378 U/L. The fluctuation of CK
and the amyloid deposition in the muscle led us to the
diagnosis of amyloid myopathy due to multiple myeloma.
We then administered two consecutive courses of bort-
ezomib (1.3 mg/m2 on days 1, 4, 8, and 11 for the first
course and 1.0 mg/m” on days 1, 4, 8, and 11 for the
second course). The treatment reduced the proportion of
myeloma cells from 16.8 to 1.2%. The CK started to fall
a few weeks after the first course and eventually fell to
187 U/LL 1 month after the second course, when she was
able to rise from a sitting position more easily. However,
multiple myeloma deteriorated in the following months
and the CK again elevated to 694 U/L. She was not able
to receive additional treatment because of her poor gen-
eral status.

Amyloid myopathy, a progressive myopathy in a prox-
imally dominant fashion, is caused by a variety of primary
amyloidoses, such as familial amyloidosis, AL-amyloidosis
and multiple myeloma [1-3]. Postulated mechanisms
include impaired muscle metabolism or failed electrical
conduction by amyloid deposition beneath the muscle
membrane [4, 5]. Therapeutic trials have included plas-
mapheresis, administration of corticosteroid, and high-dose
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Fig. 1 Biopsied specimen of
the left deltoid muscle.

a Hematoxylin and eosin
staining section revealed a small
artery with thickened wall and
muscle fibers with sarcoplasmic
accumulations (insef). b Congo
red staining section of the
formalin-fixed tissue showed
marked amyloid deposition in a
perimysial vessel. ¢, d Congo
red staining of the fresh frozen
section was examined with
rhodamine red. d Rhodamine
red image overlaid on the
transparent image, showing
amyloid deposition in the
muscle parenchyma
(arrowheads) and the
perimysial vessels (arrow). The
figures a, ¢, and d are serial
sections of the same part of the
frozen sample. Scale bar 50 pm

Fig. 2 The time course of
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chemotherapy; however, approximately 60% of these
patients were non-responders [3]. Bortezomib can decrease
the production of amyloid in 35% of patients with refrac-
tory multiple myeloma and AL-amyloidosis [6, 7], thus
being a feasible treatment for amyloid myopathy. It is
hypothesized that circulating amyloid and amyloid oligo-
mers are in dynamic equilibrium between deposition and
clearance [8]. By inhibiting production of amyloid, bort-
ezomib can alleviate muscle injury from still undeposited
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amyloid or amyloid oligomers. We surmised that the
decrease of CK following the administration of bortezomib
in this patient reflected alleviation of muscle injury by
reducing circulating amyloid. The incomplete recovery
may suggest that relatively short courses of bortezomib
were not sufficient or that bortezomib should have been
administered earlier. We believe bortezomib remains a
potential treatment for amyloid myopathy; however, a
multicenter trial is mandatory.
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Fig. 1 EMG findings in the right extensor digitorum communis muscle (A) and tongue muscle (B).
A (a) and B (a) showed typical motor unit potentials during a voluntary contraction in each muscle.
In A (a), MUPs with relatively high amplitude were noted. In B (a), two distinct small MUPs were
seen. A (b) and B (b) revealed abundant spontaneous discharges at rest. In A (c) and B (¢), interfer-
ence pattern was well preserved.
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_medialis

Vastues
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Fig. 2 Muscle magnetic resonance imaging (MRI) of the forearms, the thighs, and the tongue
(T2-weighted images of the forearms (A) and the thighs (B). Short T: inversion recovery images
(STIR) of the forearms (C) and the thighs (D). Ti-weighted image of the tongue (E) ).

In Fig. 2 (B), bilateral quadriceps muscles demonstrated marked atrophy. High intensity was noted
in the flexor digitorum profundus muscles (Fig. 2 (C) ), vastus medialis and vastus lateralis muscles
(Fig. 2 (D) ). In Fig. 2 (E), The tongue appeared to be atrophic, aparting from the soft palate above.



Table 1

among inclusion body myositis patients.

Fig. 3 Muscle biopsy from the right vastus lateralis muscle, (A: hematoxylin and eosin staining,
X 100. Bar=100pm, B: Gomori trichrome staining, x200. Bar=50um, C: electron micrograph.
Bar=500nm). There was a marked variation in fiber size (Fig. 3A). Perimysial infiltration of mono-
nuclear cells was designated with an arrowhead (Fig. 3A). A fiber with rimmed vacuoles was
shown (Fig. 3B). An electron micrograph showed tubulofilamentous inclusion-like structures with
15 to 20 nm in diameter in the cytoplasm. Myeloid bodies were also noted in a vacuole (Fig. 3C).

The summary of the percentages of dysphagia and dysarthria

Dysarthria (%)

Needham et. al. (2007)
Badrising et. al. (2005)
Hauser et. al. (1998)
Lotz et. al. (1989)
Sunohara et. al. (1989)
Dabby et. al. (2001)
Felice et. al. (2001)
Byenberg et. al. (1993)
Sayers et. al. (1992)
Lindberg et. al. (1994)
Ringel et. al. (1987)
Wintzen et. al. (1989)

Ng:‘tlit;rtsf Dysphagia (%)
57 58
64 9-66
19 80
40 40
40 125

9 45
35 54
36 14
32 38
18 73
19 3L5

6 66.6
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A rare complication of dysarthria in a patient with inclusion body myositis: A case report

Reina Isayama, M.D,, Kensuke Shiga, M.D, Eijirou Tanaka, M.D,,
Masahiro Itsukage, M.D., Takahiko Tokuda, M.D. and Masanori Nakagawa, M.D.
Department of Neurology, Kyoto Prefectural University of Medicine

We reported a 71-year-old man with inclusion body myositis with clinically overt dysarthria. He had been suf-
fering from gradual progression of weakness in the hand muscles and lower extremities as well as dysarthria
three years before admission. His neurelogical examination revealed muscle atrophy and weakness in the tongue,
the forearm flexors, and the vastus medialis muscles. He had dysarthria to a moderate degree, while he denied
any dysphasia. A biopsy from vastus lateralis muscle showed variation in fiber size, infiltration of mononucleated
cells, and numerous fibers with rimmed vacuoles, leading to the diagnosis of definite inclusion body myositis. The
EMG findings of the tongue demonstrated low amplitude motor unit potentials during voluntary contraction,
abundant fibrillation potentials at rest, and preserved interference pattern at maximal contraction, implying myo-
genic changes. We surmised the dysarthria seen in this patient, an atypical clinical feature in IBM, presumably
caused by muscle involvement in the tongue muscle. Dysphasia is common symptom in IBM patient and has been
much reported previously. But dysarthria in IBM patient has not been aware, for this reason this report should be
the rare case.

Key words: inclusion body myositis, dysarthria, dysphagia, tongue

(Clin Neurol 2010;50:695-699)
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ABSTRACT

Nerve conduction slowing in amyotrophic lateral sclerosis (ALS) is usually caused by loss of fast motor axons.
We studied the frequency, extent, and distribution of prominernitly prolonged distal motor latencies in ALS. We
reviewed results of median, ulnar, and tibial nerve conduction studies in 91 patients with ALS, 24 with lower
motor neuron disorders, and 36 with axonal neuropathy. Coincidental carpal tunnel syndrome was found for
4 (4.4%) of the ALS patients who were excluded from analyses. Markedly prolonged distal latencies (> 125% of
the upper limit of normal) were found only in the median nerve of ALS patients (9%), and in none of the
disease controls. Excitability studies suggested membrane depolarization in some ALS patients. Our results
show that approximately 10% of ALS patients shows prominently prolonged median distal latency, which
cannot be explained by axonal loss and carpal tunnel lesion. The distal nerve conduction slowing may partly
be caused by membrane depolarization possibly due to motor neuronal degeneration in ALS. We suggest that
recognition of the pattern of distal motor axonal dysfunction predominant in the median nerve is clinically

Split hand syndrome

important, and could provide additional insights into the pathophysiology of ALS.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive fatal neuro-
logical disease. The pathological hallmarks of ALS are the degenera-~
tion and the loss of motor neurons with astrocytic gliosis in the motor
cortex and the secondary corticospinal tract degeneration, as well as
the loss the spinal anterior horn cells and motor nuclei of the lower
brainstem. Histological studies of the phrenic nerves have shown
selective loss of large fibers in ALS patients {1]. In nerve conduction
studies, ALS patients sometimes show mild motor nerve conduction
slowing that is usually explained by loss of the fastest motor units {2].
Previous studies have shown that prolongation of distal motor latency
was found in 34% of upper limb nerves in ALS patients [3]. However,
distal latency very rarely exceeded 125% of the upper limit of normal
[4]. Moreover, the frequency and the extent of prolongation of distal
latency in each motor nerve have never been systematically
investigated.

Nerve excitability studies using computerized threshold tracking
have suggested axonal dysfunction in ALS [5-7]. The technique can
provide an indirect insight into sodium or potassium channel
functions, and membrane potential. Previous reports have shown
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altered axonal excitability properties that depend on voltage-
dependent potassium channels [5] and persistent sodium channels
[8] in ALS patients, and the ijon channel dysfunction is more
prominent in distal axons than in the nerve trunk [9]We therefore
studied the frequency, extent, and inter-nerve differences of pro-
longed distal motor latency and their relation with axonal excitability
indices in ALS patients.

2. Methods
2.1. Subjects

A total of 91 consecutive patients with sporadic ALS, seen at Chiba
University Hospital between 2001 and 2009, were studied. All
patients fulfilled the revised El Escorial and Awaji criteria [10,11] for
definite (n=26) or probable (n = 65) ALS. The mean disease duration
was 17 months. Of these, four (4.4%) patients had coincidental carpal
tunnel syndrome (CTS) by clinical examination and sensory nerve
conduction studies, four suffered diabetes, and four showed respira-
tory acidosis. These patients were excluded from analyses. CTS was
diagnosed when patients had sensory symptoms/signs in the median
nerve territory, or slowed median sensory nerve conduction velocity
(<42 m/s; the cut-off value was defined as the mean-25D value of 53
age-matched normal controls) with normal ulnar sensory nerve
conduction study results. Patients with respiratory acidosis were
excluded because axonal excitability and nerve conduction can be
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affected by tissue acidosis. Therefore, the remaining 79 patients with
ALS were included in the study. There were 44 men and 35 women
with age ranging from 37 to 84 years {(mean, 66 years) with the mean
disease duration of 17 months, All the patients included did not have
slowed median sensory nerve conduction velocity.

Twelve patients with spinal muscular atrophy (SMA; 6 men; mean
age, 64 years), 12 with spinal and bulbar muscular atrophy {SBMA; 12
men; mean age, 56 years), and 36 patients with axonal neuropathy
due to systemic vasculitis (9 men; mean age, 54 years) served as
disease controls. For neuropathy patients, only those with clinical
median nerve involvement were included. The reason why we
selected patient with axonal neuropathy due to systemic vasculitis
as disease controls of length-dependent axonal neuropathy was that
vasculitic neuropathy did not preferentially affect nerve conduction
across the carpal tunnel, and that the number of patients with other
axonal neuropathy due to vitamin deficiency, drug-induced or
alcoholism was too small to include.

Normal nerve conduction data were obtained from 53 age-matched
normal subjects (27 men; mean age, 68 years). Normal data for nerve
excitability studies were obtained from 30 age-matched normal
subjects (13 men; mean age, 61 years). All normal subjects and patients
gave informed consent to the procedures, which were approved by the
Ethics Committee of Chiba University School of Medicine.

2.2. Nerve conduction studies

Motor nerve conduction studies were made for the median, ulnar,
and tibial nerves by conventional procedures using a Nicolet Viking IV
EMG machine (Nicolet Biomedical Japan, Tokyo, Japan). For median
and ulnar motor nerve studies, the stimulus site was 3 cm proximal to
the wrist crease. Measurements included distal latency (DL), motor
nerve conduction velocity, amplitude of compound muscle action
potential (CMAP). and terminal latency index (TLI). CMAP amplitude
was measured between baseline and negative peak. TLI was calculated
with the following formula:

TLI = distance (mm)/DL(ms)/nerve conduction velocity (m/s).

where the distance was measured between sites of distal simulation
and recording.

Anti-dromic sensory nerve conduction studies were performed in
the median, ulnar, and sural nerves. Sensory nerve action potential
(SNAP) was recorded from the second digit in median nerve studies, and
from the fifth digit in ulnar nerve studies. In median and ulnar sensory

Table 1
Motor nerve conduction study results.

nerve studies, the stimulus site was 3 ¢m proximal to the wrist crease.
Skin temperature was monitored at the mid-forearm and mid-leg, and
was maintained above 32 °C using a heater or blanket if necessary.

2.3. Nerve excitability testing using threshold tracking

Multiple excitability measurements were performed by a comput-
erized threshold tracking program (QTRAC with multiple excitability
protocol TRONDXM2; copyright, Institute of Neurology, London, UK) as
described elsewhere [12-14]. Briefly, CMAP was recorded from the
abductor pollicis brevis with stimulation at the wrist. The protocols
examining stimulus-response curves used durations of 0.2 and 1.0 ms.
In the following measurements, the current required to produce a CMAP
that was 40% of the maximum was tracked (threshold tracking). In the
threshold electrotonus studies, the membrane potential was altered by
the use of subthreshold DC polarizing currents that were 40% of the
unconditioned threshold current. Depolarizing and hyperpolarizing
currents were used, each lasting 100 ms, and their effects on the
threshold current for the test CMAP were examined. In a further test
with subthreshold conditioning, the test stimulus was delivered at the
end of a polarizing current pulse lasting 200 ms. The strength of the
current pulse was changed systematically from 50% depolarizing to
100% hyperpolarizing in 10% steps. This produced a current—threshold
relationship, analogous to the conventional current-voltage relation-
ship. The recovery cycle of axonal excitability after a single supramax-
imal stimulus was measured by delivering the test stimulus at different
intervals after the conditioning stimulus. The intervals between the
conditioning and test stimulation were changed systematically from 2
to 200 ms.

2.4. Statistics

For each parameter in nerve conduction studies and excitability
testing, correlations were tested with Spearman test, differences with
the unpaired t test, multiple comparisons with ANOVA and Bonferroni
procedure and differences in proportion with the Fisher's exact test,
using STATA software (Stata Corp., Texas, USA).

3. Results
3.1. Nerve conduction studies in ALS

Motor nerve conduction study results for each patient group and
normal group are shown in Table 1. Compared with normal controls,

Normal ALS SMA/SBMA Axonal neuropathy
{(n=53) (n==79) (n==36) (n=24)
Median nerve
Distal latency (ms) 37 {0.4) 43 (0.8 4.1 0.7y 37 (04)
Conduction velocity (m/s) 55.5 (3.9} 53.7 {4.7)" 53.9 (4.8) 55.0 (5.1)
Amplitude (mV) 9.9 (2.3} 5.1 2.9y 6.5 (34)=* 85 (3.0)
Terminal latency index 0.34 (0.04) 0.31 (0.05) 0.32 (0.04) 04 (0.03)
Ulnar nerve
Distal latency (ms) 29 {0.3) 3.3 (0.4)* 32 (0.4)* 29 (0.4)
Conduction velocity (m/s) 58.9 (5.1) 56.5 (5.3)" 56.2 (4.7)* 56.0 (7.1)*
Amplitude (V) 8.7 (1.8) 5.7 (2.6)* 72 2.3y 7.8 (2.6)
Terminal latency index 041 {0.05) 039 (0.06)* 0.40 (0.05) 04 (0.12)
Tibial nerve
Distal latency (ms) 43 (0.7) 4.6 {0.9) 4.2 (0.7) 4.4 (1.1)
Conduction velocity (m/s) 44.8 {3.4) 44.1 (4.1) 439 (4.4) 43.0 (6.2)
Amplitude {mV) 12.6 {4.2) 8.5 (5.3y** 9.5 (53)* 6.6 48y
Terminal latency index 0.32 (0.05) 0.30 (0.06) 034 (0.07) 03 (0.06)

Data are gives as mean {3D). ALS, amyotrophic lateral sclerosis; SMA/SBMA, spinal muscular atrophy/ spinal-bulbar muscular atrophy; “P-0.05; *P<0.01; **P<0,005, compared

with normatl value.
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ALS patients had significantly longer DL (p<0.005), slightly reduced
nerve conduction velocity (p<0.05), smaller CMAP amplitude
(p<0.005), and lower TLI (p<0.05) in the median and ulnar nerves,
whereas in the tibial nerves, only CMAP amplitudes significantly
decreased. Focusing on median DL, prolonged DL (normal>4.5 ms;
the cut-off value was defined as mean -+ 25D values of age-matched
normal controls) was found for 22 (28%) of the 79 ALS patients
without CTS. Of these, seven (9%) had DL beyond 125% of the upper
limit of normal (5.7 ms). Fig. 1 shows an inverse linear relationship
between CMAP amplitude and DL in median nerve studies, whereas
the seven patients had disproportionally prolonged DL (>5.7 ms), and
appeared to constitute a separate group (circle). Such prominent
prolongation of DL (beyond 125% of the upper limit of normal) was
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Fig. 1. Correlation between amplitude of compound muscle action potential (CMAP)
and distal latency in the median (A), ulnar (B}, and tibial (C) nerves of patients with
amyotrophic fateral sclerosis. There are inverse linear relationships for the three nerves,
but disproportionally prolonged distal latency is present only in the median nerve
(circle). Dotted lines indicate 125% of the upper limits of normal.

specific for median nerve, and not found for the ulnar and tibial nerves
(Fig. 1B, 0).

3.2. Nerve conduction studies in SMA/SBMA and axonal neuropathy

Patients with SMA/SBMA also showed longer DL, and smaller
CMAP amplitude than normal controls, but the extent of abnormal-
ities was less prominent compared with those of ALS patients, and
tibial nerve studies showed only slightly reduced CMAP amplitudes
(Table 1). Patients with axonal neuropathy did not have significantly
prolonged DL in all the nerves tested, and the main features included
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Fig. 2. Correfation between amplitude of compound muscle action potential (CMAP)
and distal latency in the median nerve of patients with amyotrophic lateral sclerosis
(ALS) (A), spinal muscular atrophy/spinal and bulbar muscular atrophy (SMA/SBMA)
(B), or axonal neuropathy (C). There are inverse linear relationships for the three
patient groups, but disproportionally prolonged distal latency is present only in the ALS
group {circle). Dotted Jines indicate 125% of the upper limits of normal.
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decreases in tibial CMAP amplitudes, consistent with predominant
involvement of lower limb nerves. Fig. 2 shows an inverse relationship
in CMAP amplitude and DL in median nerve, but none of the patients
with SMA/SBMA or axonal neuropathy had DL exceeding 125% of the
upper limit of normal. The same pattern was seen in ulnar and tibial
nerves. So, prominent prolongation of DL in median nerve was specific
for ALS patients. In multiple comparison with the three patient
groups, DLs in the median and ulnar nerve of ALS patients were
significantly longer than those of axonal neuropathy patients
(P<0.001, P<0.01, respectively).

3.3. Median nerve excitability testing in ALS patients

Table 2 shows results of excitability testing at the wrist of the median
nerve in normal controls and ALS patients. Compared with normal
controls, all ALS patients had significantly greater threshold changes in
depolarizing threshold electrotonus (TEd [90-100 ms}), greater super-
normality, and smaller threshold changes in hyperpolarizing current-
threshold relationships than normal controls, consistent with results in
previous studies [6].

According to DL in median nerve studies, we divided patients into
three subgroups; (i) Group A, DL<4.5ms (normal), (ii) Group B,
4.6 ms-5.6 ms, and (ii1) Group C, > 5.7 ms (125% of the upper limit of
normal). Among the three patient subgroups, the mean values were
similar (Table 2). However, in individual patients, up to 29% of Group
C showed either smaller threshold changes in depolarizing threshold
electrotonus (fanning-in), reduced supernormality, or steep current—
threshold relationships outside the 95% confidence interval of normal
subjects, suggestive of membrane depolarization [12], whereas the
frequency of these findings was lower in Group A (11%) and Group B
(13%) patients.

4. Discussion

Our results show that in patients with motor axonal loss,
prominently prolonged DL is found only for the median nerve of
ALS patients (9% of the patients). Our findings also confirmed that
decreased CMAP amplitudes largely affect distal latencies, but such
prominent prolongation of DL cannot be explained merely by loss of
the fast-conducting motor axons. In addition, axonal excitability
testing showed that up to 29% of ALS patients with prominently
prolonged DL showed either fanning-in in threshold electrotonus,
reduced supernormality or steep current-threshold relationships
suggestive of membrane depolarization [12]. The findings raise the
possibility that axonal depolarization and resulting sodiurmn channel
inactivation partly contribute to the marked prolongation of DLin ALS,
although we did not perform axonal excitability testing in nerves

Tabje 2
Excitability properties in the median nerve at the wrist,

other than median nerves. Finally, our findings show that the
disproportionally prolonged DL is both ALS-specific and median
nerve-specific; the prominently prolonged DL was observed only in
the median nerve, and this is consistent with a clinical observation
that the thenar muscles are more severely affected than the
hypothenar or foot muscles in ALS, suggesting preferential involve-
ment of distal median motor axons.

Previous studies have shown that entrapment neuropathies are
not uncommon in ALS. Kothari et al. found median nerve abnormal-
ities at wrist in 12% of their ALS series [15]. In this study, 4.4% of the 91
ALS patients had CTS. Nevertheless, 9% of the remaining ALS patients
without CTS showed prominent prolongation of distal latency in
median nerve studies.

Electromyography is an essential part of neurophysiologic assess-
ments for a diagnosis of ALS, whereas motor nerve conduction studies
are also important for distinguishing ALS from other lower motor
neuron syndromes and peripheral neuropathies. Therefore it should
be recognized that there is a subgroup of ALS patients with marked
prolongation of DL in the median nerve.

A previous study by Cornblath et al. noted that DL was rarely
greater than 125% of the upper limit of normal, and the values greater
than that occurred in only 4% of measurements [4]. However, they
analyzed the pooled data of median, ulnar and peroneal nerve studies,
and findings of each nerve were not provided. Furthermore, in
generally accepted criteria of diagnosis for ALS, for example revised El
Escorial criteria [10] and Awaji criteria [11], the range of acceptable
prolongation of DL in each nerve has not been defined. Our results
indicate that the markedly prolonged DL in ALS patients is highly
selective for the median nerves, suggesting that median motor axons
are more vulnerablie to the pathophysiology of the disease than ulnar
and tibial motar axons.

The differences in vulnerability among the nerves may be
interpreted by differences in excitability properties of axons inner-
vating different muscles. A peculiar pattern of dissociated atrophy of -
the intrinsic hand muscles in ALS has been reported as the “split hand”
syndrome [16,17]. The split hand is characterized by muscle wasting
predominantly the “thenar complex” including the abductor pollicis
brevis (APB) innervated by the median nerve and the first dorsal
interosseus muscle (FDI) innervated by the ulnar nerve, with relative
sparing of the hypothenar complex innervated by the ulnar nerve, A
previous excitability study in normal subjects has shown that nodal
persistent sodium conductance is more prominent in median axons
than in ulnar axons innervating the hypothenar, and therefore
excitability is physiologically higher in median motor axons [18].
The findings indicated that membrane properties of motor axons
differ significantly, and their axonal/neuronal responses to disease
may also differ. Our study lacked of the data of axonal excitability

Normal Amyotrophic lateral sclerosis
All - Group A Group B Group C
(DL£4.5ms) (DL 4.6-5.6 ms) {(DL=5.7 ms

(n=130) (n==79) (n=357) (n=15) (n=7)
CMAP amplitude {mv) 10.8 (4.9) 5.0 2.9y 5.8 (2.9 34 (2.6)™" 3.0 (1.3)7
TEd (10-20 ms) (%) 59.0 (43) 69.2 (9.6) 68.8 (7.5) 68.8 (154) 73.4 (10.1)
TEd (90-100ms) (%) 45.8 (4.3) 48.6 (7. 49.3 (7.2)" 462 {6.9) 48.2 6.1)
TEh (90-100 ms) (%) —1215  (189)  —1233  (27) —1255  (23.1) -1168  {28.5) ~1199  (489)
Refractoriness (%) 63.6 (57) 49.1 (31.9) 49.3 {30.5) 594 (32.4) 18.0 (29.4)"
Supernormality (%) —24.7 (4.6) —285 (12)* —29.1 (10.7)* —243 (16.9} —32.6 (8.9)
Late subnormality (%) 16.3 (54) 14.2 (6.3) 139 (6.1} 16.2 (7.7) 127 (4.8)
50% depolarizing current in CTR (%) 523 4.9} 53.7 (7.8) 54.0 (76) 52.9 (93.1) 539 (13.6)
100% hyprepolarizing current in CTR (%) -303.1 (74.9) -2783 (62.3)° —285.2 (59.4) —267.0 (56.3)* —~246.2 {93.1)

Data are gives as mean (SD). DL, distal latency; TEd, depolarizing threshold electrotonus; TEh, hyperpolarizing threshold electrotonus; CTR, current/threshold refationship. *P= O 05;

p<0.01; "**P<0.005, compared with normal value.
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testing in ulnar nerve of ALS patients and this is the limitation of the
present study. However, our findings may support the idea that
median motor axons are preferentially affected in ALS.

Our excitability testing in median nerves of all ALS patients
confirmed the results of previous studies; abnormally increased
threshold changes in depolarizing threshold electrotonus and greater
changes in supernormality {5-7]; these changes could result from
impaired potassium channel function. A study by Kanai et al.
suggested that in the advanced stage of ALS, excitability properties
of motor axons somewhat change towards membrane depolarization
[6]. Terminal stage axons would have metabolic failure leading to a
decrease in activity of ATPase, and thereby of electrogenic Na™ /it
pump. A resulting membrane depolarization inactivates sodium
channels, and could lead to nerve conduction slowing. Our results
could not show clear differences in excitability properties in ALS
patients with normal DL and those with prolonged DL, and this is
presumably because the extent of fast axonal loss is the major
determinant of prolonged DL. However, this study showed that there
is a subgroup of ALS patients with disproportionally prolonged DL that
is unexplained by merely loss of fast motor axons. Other factors such
as membrane depolarization would partly contribute to prolonged DL.

Distal conduction slowing is uncommen in neurogenic amyotro-
phy in general, but it could reflect a part of the pathophysiology of
ALS, as distal axonopathy. Rapid progression of motor neuronal
dysfunction could result in significant distal motor axonal dysfunc-
tion. We suggest that it is important to recognize that prominent
prolongation of DL is both ALS-specific, and median nerve-specific.
This pattern of distal moetor axonal impairment should be recognized,
when we examine patients suspected as suffering motor neuron
disease in nerve conduction studies.
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Charcot-Marie-Tooth 3% (CMT) DIEHEICIS, BRSEE,
FHRE, EWHRERS D, BEEOBREIESRIEED &
NTwa, SHEIICMT O BERBIRTORHELE FOH5FHEE
DRI ST, FLREREOBEIFHEIN LY. K
WTIE, CMTREOREDWFE L CMT O EEVFH D72
OFBEZZITABOFEAB LRy P A—Y [HALY]
DR EIZDWTHRRS,

1. CMTIZHT 2 EAEETE

BIEFZEHHLAT 52RO CMTIEERZE L LT, Cro-
nassial {5{E (¥ 770 43 FEAD,
sential fatty acids, vitamin E, coenzyme Q107 &4 A
LR TWA, CMT 46 BIIC3 ¥ 5 coenzyme QLO3% 5 HERHS
ThLTwad, MEN2BELREDI bay P 7RIS
BELZCMTICHREE Ko RETId 2w, FraL 7y
— I fEH N % modafinil # 4%l O CMTIA B ZI2H 5 L,
BHOESBHYE L ORELH B, wTFROFED
TR RO HEAVE B AL LB BB 308 randomized controlled
trial (RCT) TikZv.

1. CMT1A OEWEE

CMT1AIZPMP22 DEHEIZ L o THER I SN BHET
HY, PMP22133 =) »BHEIZEBT 5 Schwann a0 54k
HEICERETH Y, FoMZE-HEHEELERCESE L Twa.
By 7L T, PMP22 DBBFFIT LY %5 2 {L PMP22
BRETEEL, TOBRASBREBET LI ERB SN
Twad. L7ddoT, SchwannififgiZBir 3 PMP22 BV
NV DRIEH CMTIA DX AEEEDWEIC O 22 B 4

linoleic/y~linoleic es-

MRS E Z 2 6N 5.

2. AN EEEEREER

TAINVE VBRI, BREEE - Schwann a0 ES
1281 5 myelination iIZVETH Y, 7RAIANYE VERZHN
KEHEEELZFESRBITIEPMESNT LY. cAMP
{XCREBIZ X 2 PMP22 7 0 E— % —~ DA ZRHEL,
PMP22 DB IS 50, TAINY VBIZZOFEE
REENICHEET A &L 5T, PMP22 mRNAKHE Y
BETSErMaEHEN H L. £/, 722V Y VBRI adenyl-
ate cyclase [EED WA % A L CHIFEPIcAMP L XV 2T
&, PMP22 mRNA DB % HERIERICHIEIT 2 2 &2
BEZNTVAEY. TAINE VENCMTIAEF VT T A
WETH S L DWMENDH DO, BN CEERBRITHLN
7z ; , v

FESHERBMMRERBMESE HEE- 2 —o T
—DORBICESHBBBEEORRE] MEHEDOL L T,
[ Charcot-Marie-Tooth & IAICH T 57 A 2V E v BRO%E
¥ - AR ET 5 BRRE ] (UMINREID : UMIN
000001535) 25fTh /=" ERIRHAER 7 T b o—vicfewn,
BEBIZE T ATV VB 20me/kg/ B 7 12 8E & O%E

- L, RSB OLEBERFTZITo. CMTAES (http/

j-emt.org/) D71 BB T20094E 11 A 30 HEE ST, 406078
FRERIZEHG SNz, BERYS, 794U~V FEA
¥ b T& % Charcot-Marie-Tooth Neuropathy Score (CMT-
NS) WHELZHEIRL TRAANVY VEOFHEIZHERT
Edoiz (Fig. 1). #NTOT7 A2V v BE5RBET
bTAANVE VROFRMEILIH SN2 -7z (Table 1) ©.
T AN VR CMTIAER D, TAINVE VB
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Fig.1 Results of the clinical trial of ascorbic acid for 40 patients with CMT1A.
The vertical line is indicating the relative value of CMT neuropathy score (CMTNS) compared to the starting point of the trial. The lowering
of CMTNS indicates clinical improvements. Solid line : treated group, Dotted line : untreated group. CMTNS : Charcot-Marie-Tooth neuro-

pathy score.

Table 1 Results of clinical trials of ascorbic acid for CMT1A patients.

R h tud:
Authors Micallef J et al. Verhamme C et al. Burns J et al. Toth C. esear.c group study
in Japan
Nation France Netherlands Australia Canada Japan
References Lancet Neurol BMC Med Lancet Neurol. 8 : Acta Neurol Scand . "
8:1103-1110, 2009 770, 2009 537-544, 2009 120 : 134-138, 2009 1 preparation
Methods a multitfentre, a random%sed, a rando@sed, An open-label An open-label
randomised, double- | double-blind, place- double-blind, place-
i cohort-controlled cohort-controlled
blind, placebo~ bo-controlled phase bo-controlled, safety ot stud ot stud
. ilot s
controlled trial 1T trial and efficacy trial P uey P uey
Primary Motor nerve conduc- | Motor nerve conduc-
outcome CMTNS tion velocity of tion velocity of tolerability CMTNS
measure median nerve median nerve
Results Not effective/safe Not effective/safe Not effective/safe Intolerable Not effective/safe
Ascorbic acid / Adults : 2 g/day, chil-
day dren (14 to 18 years) :
30mg/k, .
1g/3g/placebo 1.8 g/day, Children (9 mg/kg 5g/2.5g 20mg/kg/day
to 13 Years) : 1.2 g/day
Number of Ascorbic acid -
ux.n e corbic act Ascorbic acid 6 Ascorbic acid 42 Ascorbic acid 12 Ascorbic acid 21
patients 3g for 61, 1g for 56
Placebo 62 Placebo 7 Placebo 39 No treatment 10 No treatment 19
Dropout cases 16 2 1 5 1
A
8e 38 (36-56) <25 2-16 365 5115
(year) (range)
Duration of
therapy 12 12 12 24 3
(month)

CMTNS : Charcot-Marie-Tooth Neuropathy Score
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H5HE - E0MELZOPCHETLIRFANLECTH L, oS
EOBSEIE CIT o 72RIREER TIX, BB EZTICHELT
BY, HEBREOYRIDLZDOTRLVWIEEZ LN, B
£, MEAEELZNET 2 Qtrac7 a7 5 A (3 2 3B
FRHGCTHENEFEFMEIIBW CESHHROMEEE &
BEL, TAINME VB (20mgkg/ H) #5814 THOEL
T TH 5.

3. Neurotrophin-3 (NT-3)

Sahenk © ¥, CMTIABERMMEL X — Fe v X ICE
HEBBHEL, MEXEERFCHLLOINT-3%BZTFTESL,
Schwann ML EM &L MEFEIBE SN L = L IcESnT,
NT-3 % 4510 CMT B3 12 150 ug/kg/ 3, 243 F 72137
TR REESCITo72. TOFKER, NT-3#% 58 Gl
BEZ a7 (NIS) PYEL, BAEMBIHEML-o & 23R
HFLAY. ZoOWHRE, RCTTHRIRENTVWIEBEST
Me— DERIRATFETH 5 5%, CMTIAFEG 45], STERE46] &
DEEADREH THAIE, TOBIDOKRYFERT L HEH
%, ZEFYALRVELTRDIEEEF ST 0D E
NT-3 DU ERIL, BEAITOUENEERTH > THEEY
BEOUBE Do/l LR EOMBEELTD 5.

4. TOJ RO HEE

T a7 AT 1 & Schwann M8 o MM IL CREA S R,
PMP22, MPZ7z DB ZREL, CMTIABYEF LD
EREBSELIL, TOF AT 0 VERIETH S onapri-
stone 2 CMTIA B E T VICEN TH A Z EpHESNTW
5. LaL, onapristone i 3fFHENH MIERT 22
kv, IV VAN R T O RT 0 EER
ERDBILREAEA R o TWwa D, 20ReWMIIH TS
ThY, HEE FEHELR OB Alzheimer 5 D G
KHEHENRTWS. 5%, CMTIABIYE 7V % H\v: 72 mife-
pristone DIRF b EW T, BELETUF AT 0V EHEDH
EHVELEEND —F, TuFyrRroreiihfigEg
PMP22, MPZ D mRNAZERZEINSEHEH S, N7
H A& % /R T hereditary neuropathy with liability to pres-
sure palsies (HNPP) < nonsense-mediated mRNA decay
BEMPZEECMTICAER TH A5 Lk, Zo MM
THMBLL U TOMENLETH B,

5. RERIZL S CMT DM

a. 7V 3>

INTIVERT YA L —HIZELETN TV ER
DEBEETH 5B, PMP22 5% BT L % Dejerine-Sottas
syndrome % congenital hypomyelinating neuropathy % &
T, dominant negative effect DSHEE SN TV S, ZD4H
TWEBELC, EEpmp22% b >irembler J 77 A DHFZE
b, ZEEPMP22&ZH)VIEMA (endoplasmic reticulum :
ER) 28 LHBEICRETE Y, ERA P LABRMET K
F=Y2%RTEEZSNT VS, Khajavi bid, 2127 3
Y WEEPMP22E A MIBEA R L, £ EPMP22 R

WELT RNV 2R BASELIEHME LY. BL
NVIEBNTH I V7 I VIR KRNI ESEE y % =
A WEENIZS, 717 3 VA BMEOMRES
BINEE, SchwannfllIZBIF 2 7H P —Y 2 2R 3¢
Twa, DEDBEDPL 7 VY 3 v i pmp22 AR Y X
KHMTHD ZEFRENY, RABEOKBENSMPZSER
WL BCMTOBEICLIBENTEY, v b D PMP22 /5
RESLMPZRERIZLIBCMTICL 7 V2 3 > OEHHED
Hrrahs,

6. EifF & h 3 CMT B

RNA T # % deoxyribozymes %2 EIZZER T L VO RE % )
#l$ BHFAH Y, toxic gain of function %773 CMT D&%
ICE B i RF S 1 5. Antisense oligonucleotides (ASO)
i, FV—AHMRNA £EDNABSITH Y, &—4 vy Mgl
¥ T 5. €DV &> TdH B Morpholino phosporodiami-
date ASOs (morpholinos) 1, HHMEMR Y A I 17 4 —,
Duchenne B ¥ X b0 7 4 — 12 CTHBABIRE S T
% ™. RNA trans-splicing 7 7 0 — 5 i, pre-mRNA 0 E
PECERBRIN R ) REEA L FE LRI BE X225
EHTERTH Y, CMTIZBWTLRA SN LXK HETH
5. PMPR2RERSMPZEROHN THEKETRT
CMT Tid, Alzheimerii & FERICBERTER L ERITY 72
THAERERFOBBE L ZOMENBREIC L S TEELED H
5.

BEED L2 CMTOBE, BRIRREBR T4 v iconT
bBRETA2LEND L. BEORCT T, BEERICES
AEHEDTERES £ U mRNAEROFMAIT AT 528,
G, LYy~ b - —DOBEELLETH B,

II. &R, #8HA%E, UNEUT—Y a2, 4FLEOIX

1. #8 - OF vy b X—"Y [HAL]

Bfiotr®, BEHOERGIL, KEkERZ OB TT
REVEN R Z D%, THOBRBTIE, T—vond R
v ML BT —FHR - b RO, Pl x (BRE
W) % ETEFTOREEDIEINT 5. ETIBLT, EHE
VAR—F—, ETEEE ETHEE vz b5y o
ﬁ%%&%f%.%éﬁﬁﬁwﬁ%%@ﬁ?émmﬁﬁ%%
IS 2 A RBORBLHER OBKO BT LV e
L. BMCLbRAMEEPHHET 28D 125
DT, BEANDEBLRELZ 7y by 2 7REARERS
EHPBEERLEEETH L.

FEEER T, BHBEORENE T VIEOERISETT S
CZEEFHL, FRoTWwaIEEBEIOERN L O % R+
IO TFHHEEAEETL I VBN BELH 5.

B, @Ry M A—v [HAL®) OFESTEC S - 7.
BHOCMTEHZIC [HAL®] 2% L, 20OFHAEOKRE
ZRELHTVE. 4% [HALY) O7usr s At Bh b4
ﬁwmﬂﬁﬁuﬁmLtuﬁvﬁx—v%ﬁ&L,mm
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B O quality of life (QOL) 0¥ L w3 O LEH
D7z,

2. SEEE ,
MEHEEIETL, EEZHVWTL BB LMEIZRT
THRATICKEA T & 258, MEOREEER 520101
ERATREY) Y W% EOBENBFMHEIL & 255605
B NERAES BRI ZHREAETH0 L) MO
WCRBRE T 2287y Aidh v, ARFROER
LR CMT 8%, RKiEL s L ETHRITTA 2
EDVBEETHAS.

3. 4Ly b

CMTICHEMICH RN 2 54 =y b & LTHERNIZHER
ENLDIERVD, KPR e [HECKEZ H#iFT
5] X)L NEIETHE. FEEMITTICRIEDL
Mo TwARE - BREHLHBRICTLT SHICAEELY
VR, ESOBIMImMAT, BEREROY AT DS
AEHBTHD. BIL, CMTTEHHET 5 EHE0 B
NTwaz, —HEZ CLIFoAFELEIICIYVEET
B EWBODTHETSH 5.

4. UNEYF—ar

CMTOY N F— 3 YIZET 5H%IERCT LAMT
BARTATHL — B, BHICEFZRS 2WEEORE
VBB, BMERICRII O RN H S, H3[E 24
SBONVNE)F—=2ary7arIalsmyasIeicin,
MBI E R R 1 DT E & KR IO B EEROBENR A L O
LN/ OFHENH L, Bi2OEFBIGEBSEEYAALAL
2T, REAOBHKEBICLAETD LB/ T 1R
VHEFTE B,

5. REICEEL AN LVEY
CMTEEVMORNRRESCBRELLES, LECSL
TR SN EH SR NEREE Y BIL S5 5E0 D 5.
H I PLIEE FE T b A vincristine % cisplatin - taxol - thali-
domide - bortezomib, LA I Jk # @ amiodarone, HIV A
3 @ didanosine - zalcitabine + sanilvudin, Hansen % 8
I dapsone 72 EASCMT DERZ BAL S ¢ 5T EEDH 5
EHELTHEZTH S (http//www.charcot-marie-tooth.
org/med_alert.php). TNF—F RX—ZX|IZHHEN TV
FHTLCMTOER: BB WHEEEH Y, CMTE
HWHBELTOIOBCE (Mohr0RF2EELEEED
WERT AL HEERETILEND B,

6. CMT & FrE

CMT BEDFFWPHER ED/DIRET ST HEIZ)
EEFLETH L. —FIC, KEMERELEES 2V
72O HERREE CERE DIRT RE SRIEIVRENIE T 5
RETHHEEDLNTVE. BHY T LMEL BT RN
2 BHOTHS MG MBS (suxamethonium chloride)
EEE o ATR . &R O AIRE), BB, R
DREEGWESE (F), vecronium) 3T B BEEFE VS
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BN %O TREMEHB X 2 BIEHESORSE =
— LBV I ETAREL H S, CMT OEREH
T, PRSI X AT KA ORI - BEmE - gl
EHOGHIET, BEMEEEICL S FER - RLE, B
L DM ARE, ENENE WRTRRLEL XD
AHCEETRETHA.

—5, HEE D BT B TS R C BT 2R R B
N IWROR, WARE:D & B OB A BEE 2
AT o 7B, SHIRARE: L BRAET T v 2 & OER LR
BEFHBIZ EDRESN TS, RFREE L 5 hiEs
DEES & Y 1R D 72 HERE O BFRESE £ HH L5
IWEEZOND. 4%, CMTIHT 588 7% kEHE B
T2 ERE - BEISLETH B,

BbHhic

CMTOREIZ, BHwmELZEZLLAHE, BERWHH,
BERZW 2 & OBETFHOMGEMBIEIZET SR wv,
CMT T A|IEAT V2 ) v I OFRELLETHS. K
KIZHAD L DAETIE, CMTIENT 2 EEEEEB LU
—EHEDTEMPTHTIEZVEEZ LND. FHALEE
POEEFHEREMEEIARERREEL LT VY
Va—-<VY— -~y —2FROBH, EE FTICETSH
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T b= RAFBET =T N OFEF®, k- hN—
Y O M# (http//www.cmt-japan.com/index.html), CMT
WHBTATRARBEORELR EVIThLTwE. 4%,
CMTEES L LML CHRREEORBICHYHAT
W E 7z,
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Therapies for Charcot-Marie-Tooth Disease

Masanori Narkacawa, Kensuke SHica

Department of Neurology, Graduate School of Medical Science, Kyoto Prefectural University of Medicine

Charcot-Marie-Tooth disease (CMT) is the most com-
mon inherited neuropathy. There have been substantial ad-
vances in elucidating the molecular bases of this genetical-
ly heterogeneous neuropathy and molecular diagnosis is
now possible in most cases. In the premolecular era, Linole-
ic/y-linoleic essential fatty acids, vitamin E and coenzyme
Q10 were evaluated by non-randomized controlled trials
for patients with CMT without genetic diagnosis. For the
last decade, neurotrophic factors, progesterone antagonists,
ascorbic acid, and curcumin have been shown to be promis-
ing in experimental models of CMT, leading to several pilot
trials in human. However, randomized controlled trials of
ascorbic acid for CMT1A unfortunately did not prove clini-
cal benefit. In an open-label clinical trial of ascorbic acid
for CMT1A conducted by Japanese researchers, the right
hand grip strength was increased in the group treated with
ascorbic acid (20mg/kg/day for 12 weeks), while CMT neu-
ropathy score, the primary outcome measure in the trial,
did not improved. It needs to be elucidated whether these
negative results in human are due to the lack of efficacy of
ascorbic acid or to the lack of statistical power in those
studies which had been conducted for a relatively shorter

period of time with a smaller number of patients.

Rehabilitation and surgical therapies are currently
available treatments for CMT. Recently, robot suit HAL
(Hybrid Assistive Limb®) has been developed and a pilot
study for patients with CMT using HAL has been started
by the Research Committee of CMT Disease supported by
Grants-in-Aid from the Ministry of Health, Labour and
Welfare of Japan. As the best approaches to rehabilitative
therapy and foot surgery still have to be defined, prospec-
tive studies will be important.

Patients with CMT should avoid taking drugs that can
cause peripheral nerve toxicity. In the case of surgery and
delivery, best practice of local and general anesthesia for
patients with CMT has not been defined. Proper informa-
tion and genetic counseling is also important for patients
with CMT and their families. Careful discussion for prena-
tal and preimplantation genetic diagnosis should be need-
ed, taking ethical concerns and the national regulations
and laws into account. The advances in mechanism-based
strategies will provide realistic hope that therapies will
emerge to slow or partly reverse several forms of CMT
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