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* Practice of Total Respiratory Care for Amyotrophic Lateral Sclerosis.
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.| Stimulation of phrenic
nerve at the posterior
edge of SCM

(G2 at costal edge on
mid-clavicular line

ground

G1 on sternum

EMG insertion
at 7th intercostal
space

Fig.1 Diagram of the electrodes placement for diaphragm evaluation
(1 :cathode, G2 : anode (remake from ref no.8)
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Fig.2 CMAP of phrenic nerve conduction study
Right side CMAP amplitude is below normal lower cut off, but left side CMAP is completely normal. Such difference

15 usually found in the recording from ALS.
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distorsion of trunk

expiratory support on upper thorax

expiratory support on lower thorax

Fig.3 Some methods of repriratory physical therapy

11l FARNBEREAHE (non-invasive

positive pressure ventilation : NPPV)

W%/}, (inspiratory positive air pressure :
IPAP) & I %}t (expiratory positive air pres-
sure : EPAP) @200 -2 R TixE L, F
(S8 A2 il T A A 2 iR a4 5 ik T
b, ZoONEE AR EIA T AN
SIS e W EAFTH LS. T, ALS
TIEERIEAL D HE T AGH ISR e v B EH DR
A - HIFHERTH LD, RN AELTHR
ALl H 5. HRAFHTHEETOMMIZAE
L. WP JE i A0 I 2 BRI A & M AL L TIRMERS
ROEHLZ EXFRETHD. JPE NPPVIZE
D IFWENG 2 k0L X4 % £ %VC, Plmax, PEmax
DI TFHEAIMEFT 5. ALSIZBIT S NPPVOR
WA EWEY LB L %% A% Table 31277,

658 fFGE Vol 25 No.6 (2008)

184

fil - OREREA S KW THLA, BLEETEIE
BEOAMNEIRTH S, WNICE 2 W L4
E N WA, HEEMOMREIZMATLZ LS
v, LavL, @A BRIZERRRMIDSETT LT L BEEN
HAFNESL WL AT B, AL, 2 8P % &
M2 T, APRBEFIZ@ AT D A AT
A5, T EPAP # RO L A~ lh b
IPAP ¥ EPAP OIF % % 2emH:20 &£ L T I 1] 7>
Gl L, 2 AR O L L EOH KT
[, HERRhOMBISHEE 2GS HYTH
MO =% L TEL L. HAHKRNPPVOREG
ARERALW L e TLIAMRIET L L. NPPV
PHERT A RIS AL, MENIZE BaEOSE
) - WA EEERTL2EIZEY PRIz LS
HH— P AP THD. BREMAGETT L Tl
AL S, FREUN K FIC & D gt AT
fiEl=% 2 & NPPV O HEIZ 4 2. BHOE



400

300

change of PImax (%)
~n
o
o

0 5 10 15

duration of respiratory physical therapy (month)

Fig.4 Serial change of the maximum inspiratory pressure (PImax) under long term respiratory rehabilitation

Table 3 Medical consensus for the induction of NPPV
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ABSTRACT: Previous studies suggest that in amyotrophic lateral sclerosis
(ALS) the abductor pollicis brevis (APB) and first dorsal interosseous (FDI)
are more severely involved than abductor digiti minimi (ADM). To elucidate
the pattemn, frequency, extent, and specificity of such dissociated muscie
atrophy in ALS, compound muscle action potentials recorded from APB,
FDI, and ADM were analyzed in 77 ALS patients, 171 normal controls, and
196 disease controls. Compared with normal controls, ALS patients had a
reduced APB/ADM amplitude ratio (P < 0.001) and FDVADM ratic (P <
0.001), whereas patients with other anterior hom diseases showed similar
APB/ADM and FDI/ADM ratios to normal values. Decreased APB/ADM ratio
was found in 41% of ALS patients, 5% of normal controls, and 4% of disease
controls. Prominent muscle atrophy in APB and FDI, with relatively pre-
served ADM, appears to be specific to ALS. Dissociated hand muscle
atrophy presumably reflects part of the pathophysiology and supports the
diagnosis of ALS.

Muscile Nerve 37: 426-430, 2008
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minimi, ADM),'*#1% a previous study comparing the loss
of motor unit numbers in APB and ADM showed that the

In patients with amyotrophic lateral sclerosis (ALS),
muscle wasting preferentially affects the thenar muscle

(abductor pollicis brevis, APB) and first dorsal interosse-
ous (FDI) muscle compared with the hypothenar mus-
cles,* %14 and this pattem of dissociated small hand mus-
cle atrophy has been termed the “split hand™ by
Wilbourn.'* Although a loss of motor neurons has been
demonstrated using motor unit number estimates in
both APB and the hypothenar muscle (abductor digiti

ADM, dagiti manumit; ALS, amyotroghe lateral scie-
rosis; APH, abductor pollics Drevis; BSMA, bulbospnal muscular atropiny,
CMAP, compound muscle action potential, C5A, cenical spondylotic amy
otrophy; FDI, frst dorsal nterossecus; LMND, lower motor neuron disorders;
SCA, spenocarebaliar ataxa, SMA, spinal muscular atrophy
Koy words: amyotrophic lateral sclarosis; compound muscie action potan
Wruwwmmmmmmm spit hand
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wilery com), DO? 10, 1002/mus 20049

426 Dissocialed Muscle Atrophy in ALS

187 -

loss in APB is far greater than in ADM.”

APB, FDI, and ADM are innervated by spinal motor
neurons of the same segments (C8 and T1), and FDI
and ADM have the same ulnar nerve supply. Although
it is not known why APB and FDI are preferentially
affected compared with ADM, it is also unclear
whether the dissociated muscle atrophy is seen specif-
ically in ALS. Previous reports have shown a similar
dissociation in disorders affecting lower motor neu-
rons, such as spinal muscular awophy (SMA) and
spinocerebellar ataxia type 3 (SCA-3)," and even in
normal elderly individuals.!! Furthermore, the com-
parison between APB and FDI involvement has rarely
been examined.

We therefore conducted a prospective multi-
center study to elucidate the pattern, frequency, ex-
tent, and specificity of the dissociated small hand
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muscle atrophy in ALS and the results were com-
pared with those of a large number of normal as well
as neurological controls.

Subjects. Seventy-seven consecutive ALS patients,
171 normal controls, and 196 disease controls were
prospectively examined between February 1 and
September 30, 2007. They were seen at EMG clinics
of 11 tertuary medical centers (The Tokyo Metropol-
itan Neuromuscular Electrodiagnosis Study Group).
The ALS pauents fulfilled the revised El Escoral
criteria® for definite, probable, or probable labora-
torv-supported ALS. There were 43 men and 34
women ranging in age from 45-83 years (mean, 66
years). Disease duration ranged from 4-50 months
(mean, 14 months). We excluded coincidental car-
pal tunnel, cubital tunnel, or Guyon canal syndrome
on the basis of clinical examination and nerve con-
duction studies.

During the same study period, 171 normal vol-
unteers (84 men and 87 women; mean age, 47 years;
range, 23-76 years) and 196 patients with small hand
muscle atrophy caused by a disorder other than ALS
(103 men and 93 women) were also examined. The
disease controls included 16 patients with lower mo-
tor neuron disorders such as SMA (n = 6), bulbospi-
nal muscular atrophy (BSMA, genetically confirmed;
n = 5), and SCA-3 (genetically confirmed; n = 5); 28
with cervical spondylotic amyotrophy; and 152 with
polyneuropathy. SCA-3 was included in lower motor
neuron disorders because its spinal pathology usu-
ally showed loss of motor neurons, and hence it can
be regarded as a type of anterior horn disease.®
Causes of polyneuropathies included chemothera-
peutic agents, alcohol abuse, vitamin B, deficiency,
POEMS syndrome, and diabetes. We excluded pa-
tients with mononeuropathy or multiple mononeu-
ropathy.

Nerve Conduction Studles. Nerve conduction stud-
ies were performed by conventional procedures us-
ing EMG machines (Viking 4, Nicolet Biomedical
Japan, Tokyo, Japan, or Neuropack, Nihon-Kohden,
Tokyo, Japan). Compound muscle action potentials
(CMAPs) were recorded from the APB, FDI, and
ADM muscles after median or ulnar nerve stimula-
tion at the wrist. For FDI recording the active elec-
trode was placed on its belly and the reference elec-
trode at the medial aspect of the proximal
interphalangeal joint of the index finger. Skin tem-
perature on the forearm or palm was monitored and
maintained above 33°C. The initial negative-peak
amplitudes were measured for all CMAPs. Absolute
amplitudes, amplitude ratios of APB/ADM, FDI/
ADM, and FDI/APB, and amplitude differences of
APB - ADM, FDI - ADM, and FDI — APB were
measured.*!* All patients gave informed consent to
the study procedures, which were approved by the
local ethics committee.

Statistical Analyses. The differences in CMAFP am-
plitudes and amplitude ratios between the normal
and patient groups were analyzed using the Mann-
Whitney [test. Regression analyses were performed
using Spearman'’s rank correlation test.

Normal Subjects. Table | shows CMAP amplitudes
of APB, ADM, and FDI and their amplitude ratios
and differences. In normal controls the mean CMAP
amplitude was similar for APB and ADM; therefore,
the APB/ADM amplitude ratio was 1.0 and the APB-
ADM amplitude difference was nearly zero. The
mean FDI amplitude was 50% higher than those of
APB and ADM. and the FDI/ADM and FDI/APB
ratios were approximately 1.5. When these data were
plotted against the subjects’ age, absolute ampli-
tudes declined with age; there were weak inverse

Table 1. CMAP amplitude ratios and differences

Amplitude ratio Amplitude difference (mV)

Number APB/ADM FDIADM FOVAPE APB-ADM FDI-ADM FDI-APB

Normal 17n 1.00.3) 1.5 [©.9) 1.6(0.5) ~0.3(29) 4830 51(3.4)
ALS T 0.7 0.5 1.1 {8 23@n -1.7 21" 0.4 (2.2 2.1 2.8
Bulbar 24 0.8 (0.3 1.2 {0.4)" 1.6(0.8) =12y 1.3 (2.8 252y
Upper imb k3| 0.7 (0.8)* 1.0 (0.3 2.4 (3.4 -1.7 (221 -3 (1. 1.4 (2.5
Lower imb 18 0.7 0.3 1.1 [0.4)™ 1.9(2.8) =128 1.3@28° 25@22r
LMND 16 1.1 (0.4) 1.4 (0.5) 1.4 (0.5) 0.7 (2.7) 25{3.8 1.a@ay
C3A 28 3.8 (5.0 1.2 0.3 0.8 (0.6} 2.6 (3.4 1.601.9 -1.0(4.9"
Neuropathy 152 1.3(1.2 1.5(05) 14(1.0) 0.8(2.7) 3434 2641

ALS, amyotrophic lsteral scierosss; LMND, iower motor newon diseasze; CSA, cervical sponcyiotic amyotrophy; “p < (0108, *'p < 0.001 comparmad with nomal

vaiues. Data are sxpressed as mean (S0)

Dissoclated Muscle Atrophy in ALS
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relationships between age and amplitudes of APB
(P = 0.03), ADM (P = 0.046), and FDI (P = 0.04).
However, there was no significant relationship be-
tween age and amplitude ratios of APB/ADM, FDI/
ADM, and FDI/APB, and age-dependent changes
were not found in analyses of amplitude differences.
These findings suggest that absolute CMAP ampli-
tudes decline with age, but the extent of decrease
does not significantly differ for APB, ADM, and FDL
Therefore, age-matched normal controls were used
for absolute amplitude analyses, and for CMAP am-
plitude ratios the data of all the normal subjects were
compared with those of the patients.

The values of absolute amplitudes and amplitude
ratios did not show a Gaussian distribution and con-
siderable variability was noted for each value (SD
ranged from 22% to 31% of the mean values). The
normal limits were therefore defined as a value out-
side a 2.5 SD of the mean of the logarithmically
wansformed values of the normal controls. For am-
plitude ratios the lower limits were set at 0.6 for the
APB/ADM ratio and 0.9 for FDI/ADM ratio. Using
these cutoff values, 95%-99% of normal subjects had
values within the normal range (Table 2).

To assess interlaboratory variation of amplitude
measurements, the mean APB, ADM, and FDI am-
plitudes were compared among 11 laboratories but
the values were not significantly different.

ALS and Other Forms of Neurogenic Amyotrophy. Of
the 77 ALS patients, three had absent responses
from APB (n = 3), ADM (n = 1), or FDI (n = 2).
These patients were excluded from amplitude anal-
yses. Figure 1 compares the absolute amplitude of
the three muscles in normal controls and in patients
with ALS, lower motor neuron disorders (LMND),
cervical spondylotic amyotrophy (CSA), and poly-
neuropathy. Compared with normal values, all the

Table 2. Percentage of patients with abnormal amplitude ratio.

Ampilitude ratio
APB/ADM <
APEVADM  FDVADM 0.6 and FODV
Number <086 <09 ADM < 0.9
Narmal 171 5% 1% 0%
ALS 77 40%" 4% 20%°
LMND 16 6% 13% 6%
CSA 28 0% 14% 0%
Neuropathy 152 3% 10% 0%
APB. abductor policis brevis, ADM, abductor aigiti mirsmi; FDI, first dorsal
5. ALS, hic latoral scivosss, LMND, lower motor

neron disease; CSA, cervical spondylotie amyotrophy; *p < 0.001,
comparad with normail data.
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FIGURE 1. The mean CMAP amplitude of the abductor pollicis
bravis (APB), abductor digiti minimi (ADM), and first dorsal in-
terossecus (FDI) muscies in normal subjects and in patients with
lateral sclerosis (ALS), lower motor neuron disor-
ders (LMND), cervical spondylotic amyotrophy (CSA), and poly-
neuropathy. LMND included spinal muscular atrophy (Kugel-
berg-Welander disease), bulbospinal muscular atrophy, and
spinocerebellar ataxia type 3. Error bars indicate SEM.

amplitudes were significantly lower in all the patient
groups. However, patterns of the amplitude de-
creases differed among these disorders. The LMND
and neuropathy groups showed a pattern similar to
that of the normal subjects, CMAP amplitudes being
similarly low in APB and ADM, and high in FDL In
contrast, ALS patients had markedly reduced APB
and FDI amplitudes. APB/ADM and FDI/ADM ra-
tios, therefore, were the lowest among ALS patients
(Table 1). In CSA patients ADM amplitudes were
lowest, and therefore the APB/ADM ratio was high.
Analyses of amplitude differences showed similar
results; ALS patients had greater differences be-
tween APB and ADM amplitudes and between FDI
and ADM amplitudes. Thus, both amplitude ratio
and amplitude difference analyses suggest that in
ALS, APB, and FDI are more severely affected than
ADM.

In ALS patients there was no significant relation-
ship between disease duration and APB/ADM and
FDI/ADM amplitude ratios, suggesting that the dis-
sociated muscle involvement occurs at an early stage
of the discase. In subgroups of ALS patients divided
according to region of symptom onset (bulbar, up-
per limb, and lower limb), the CMAP amplitude
ratios and differences were similar for the three
subgroups (Table 1),

Table 2 shows the percentage of patients with
abnormally decreased APB/ADM and FDI/ADM ra-
tios. The ALS group included much higher percent-
ages of patients with abnormal CMAP amplitude
ratios, which were rarely found in the other patient
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groups. In particular, abnormality of both the APB/
ADM and FDI/ADM ratios was found in 20% of ALS
patients, none of the 171 normal controls, and only
one (0.5%) of the 196 patients with LMND, CSA, or
polyneuropathy; only one patient with BSMA had
abnormal amplitude ratios of both APB/FDI (0.42)
and FDI/ADM (0.88).

Our results confirmed that in ALS the APB and FDI
muscles are preferentially affected compared with
ADM,#8221% and showed that this pattern of dissoci-
ated small hand muscle atrophy is nearly specific to
ALS. In our ALS patients the APB/ADM ratio ap-
peared to be more sensitive and specific than the
FDI/ADM ratio, as shown in Table 2. These results
suggest that the dissociated small hand muscle in-
volvement is supportive of a diagnosis of ALS.
Previous studies demonstrated that dissociated
small muscle awophy is most frequently seen in
ALS.7" However, this phenomenon is reported oc-
casionally in other anterior horn diseases,? and even
in normal elderly individuals.)' Our data showed
that when cutoff values of CMAFP amplitude ratio are
sct based on data from a large number of normal
controls, preferenual involvement of both APB and
FDI is nearly specific to ALS, although 1 (6%) of the
16 patients with LMND showed decreased APB/
ADM and FDI/ADM ratios. The three muscles, APB,
ADM, and FDI, were almost equally affected in our
patients with LMND or axonal neuropathy. The
prominent dissociated hand muscle atrophy, partic-
ularly the combination of APB/ADM ratio <0.6 and
FDI/ADM ratio <0.9, was rarely found in LMND,
CSA. and polyneuropathy. Although exceptional
cases may be present,” the dissociated involvement
among muscles presumably leads to a diagnosis of
ALS. Regarding the age-dependent effects, it is rea-
sonable to suppose that absolute amplitudes decline
with aging due to the physiological loss of motor
units. However, our findings do not provide evi-
dence of age-related changes in amplitude ratio and
thereby different age-dependent effects among the
small hand muscles. A previous report comparing
the age-related changes in the APB, ADM, and FDI
muscles suggested that APB and FDI undergo
greater age-dependent changes than ADM. How-
ever, the study examined the differences, not ratios,
in CMAP amplitudes between APB and ADM, or FDI
and ADM.'® We also studied amplitude differences,
but our data showed that aging does not appear to
be associated with prominent differences in the ex-
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tent of motor unit loss among the small hand mus-
cles.

Itis not clear what mechanisms cause the prefer-
ential involvement of APB and FDI in ALS, but sev-
eral possibilities were raised in a previous study.>7
First, because humans use the thumb and index
finger more often than other fingers, the more fre-
quent use of APB and FDI may lead to more oxida-
tuve stress or may place more metabolic demand on
APB and FDI spinal motor neurons. Second, al-
though the pattern of degeneration of anterior horn
cells is random in ALS, APB or FDI cortical motor
neurons far outnumber those of ADM. Conse-
quently, the corticospinal connections of APB or FDI
motor neurons are much more extensive than those
of ADM motor neurons, and this could result in
more prominent glutamate excitotoxicity in APB
and FDI spinal motor neurons.>'%12 Further studies
will be required to elucidate the mechanisms of
vulnerability of APB and FDI in ALS.

The differences in patterns of small hand muscle
involvement in ALS and CSA could be of clinical
significance because their differental diagnosis is
important on clinical practice, In CSA the ADM and
FDI seemed to be more preferentially affected than
APB. Patients with CSA can have variable patterns
according to the affected spinal segments or nerve
roots but, as a group, the APB was relatively spared,
and this contrasts with the pattern in ALS patients.
Again, the reason for the dissociation in CSA pa-
tients is unknown, but we speculate that there may
be some differences in the spinal segments innervat-
ing APB and ADM/FDI, or in distribution of APB
and ADM/FDI motor neurons in the anterior horn.
This issue should be examined in future studies.

A simple comparison of multiple CMAP ampli-

tudes could provide new insights into the pathophys-
iology of disorders causing neurogenic amyotrophy.
The dissociated muscle involvement presumably re-
flects part of the pathophysiology of ALS. We suggest
that when such dissociated amyotrophy is clearly
detected during nerve conduction studies in patients
with suspected ALS, subsequent needle examination
will lead 1o its diagnosis in most instances.
*The Tokyo Metropolitan Neuromuscular Electrodiagnosis Study
Group: Chiba University Hospital: Drs. Kazuaki Kanai, Setsu
Sawal, and Sagiri lsose; Teikyo Univensity Hospital: Mr, Sawoshi
Hoshino; Tokyo Metropolitan Neurological Hospital: Drs. Yasu-
hiro Kagamihara, Yumiko Kugio, and Yumi Awatsu; Saitama Pre-
fectural Rehabilitation Center: Drs, Tadashi Ichikawa and Hi-
rovuki Yamada: Kyorin University Hospital: Dr. Chizuko Oishi;
Tokyo Women's Medical University Hospiwd: Dr. Eiichi lio; Inter-
national Medical Center of Japan: Dr. Hiroko Kurono; Hiroshima
City Asa Citizens Hospital: Dr. Katsumi Kurokawa: and Jichi Med-
ical University Hospital: Dr. Mikio S 4
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ABSTRACT: Needle electromyography (EMG) of the tongue is traditionally
used as a key to the diagnosis of amyotrophic lateral sclerosis (ALS),
although relaxation of the tongue is often difficult 1o achieve. Recently,
frequent abnormalities in the EMGs of the stemocleidomastoid (SCM) and
upper trapezius muscles in ALS have been reported. To elucidate the
diagnostic utility of these muscles we performed a multicenter prospective
study to examina EMGs of the tongue (genioglossus), SCM, and trapezius
in 104 ALS or suspected ALS patients. We also examined EMGs of the SCM
and trapezius in 32 cervical spondylosis (CS) patients. We mainly evaluated
fibrillation potentials/positive sharp waves (Fib/PSWs) and fasciculation po-
tentials. Complete relaxation was achieved in 85% of ALS patients in the
trapezius, but in only 6% of patients in the tongue. Fib/PSWs were observed
in 8%, 13%, and 45% of ALS patients in the tongue, SCM, and trapezius,
respectively, whereas fasciculation potentials were observed in 1%, 7%, and
39%, respectively. Abnormal spontaneous activity of any type was found in
9%, 17%, and 63% of patients, respectively. The high frequency of abnormal
spontaneous activity in the trapezius was similar among the different diag-
nostic categories, and even 72% of clinically suspected ALS (progressive
muscular atrophy) patients showed them in their trapezius. We did not
observe Fib/PSWs or fasciculation potentials in any of our CS patients, thus
these findings have excellent specificity. Tongue EMG added little utility over
the clinical sign of tongue atrophy. Abnormal spontaneous activity in the
trapezius would be mora useful for the early diagnosis of ALS.
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Amynlrophir lateral sclerosis (ALS) is a progressive
and fatal neurological disorder that involves both
the upper motor neuron (UMN) and the lower mo-
tor neuron (LMN), and therefore diagnostic testing

Abbrevistions: ALS, amyotrophec lateral sckeross. CS, cervical spondyioss,
EEC, revised E Esconial criteria; EMG, slectromyography: FE/PSW, fibriliation
potentials and/or positive sharp waves, LMN, lower motor neuron; MUP,
mator Unit potential; PMA, prograssive muscular atropfy, SCM, stemocieido-
mastond; UMN, upper motor neuron

Kay words: amyotrophic lateral scieross. needle slectromyographly, upper
trapazius; tongue. Stemocedomastiod

Correspondence 1o: M. Sonoo. & mail, sonoom@med telkyo-1uL 60D

© 2008 Wiy Penodicals, Inc.

Putiished oniine 15 Decemnber 2008 in Wikey InterScmnce (www nierscience
wiley com). DOI10.1002/mus.21196

Trapazius EMG in ALS

192

must be sufficiently sensitive and specific. Needle
electromyography (EMG) plays an important role in
the diagnosis of ALS both by confirming LMN dys-
function in clinically affected regions and detecting
evidence of LMN dvsfunction in clinically unin-
volved regions. The revised El Escorial Criteria
(EEC)* for the diagnosis of ALS include electro-
physiologic criteria that require evidence of dener-
vation and reinnervation in at least two of four re-
gions of the neuraxis (cranial, cervical, thoracic, and
lumbosacral) to assure widespread LMN involve-
ment.

One drawback of the EEC is its rather low sensi-
tivity in early stages of the disease 22935 One reason
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