51: 1114
<V VRV T L 282>BEKEHMD S ATz ALS OWEfE update

ALS TIZE B Rl sR DO RN Z B 23K &

BH L
AL

(BEPR###E 2011;51:1114-1117)

WH Y
i MERFY

Bply M"Y WSy
e HERY

T

Key words : ALS, Na™/K'K> 7, Bisrf, o, s

1-1. BREEHEICOWT

MR BRI K EHM 252 5 2 L THEL ) 53
TOMBEZHL, FOFEERPIEREL E2MET S L T
BRI R NS 5. — 0, BB IS ISR g R Tl
AONGWEEMNR A v F v 2 VERICHET AR
10~15 S RECTHMTE 2 LAY AT L TH BV,

1-2. BEEBEREIRE (Threshold Electrotonus : TE)
[eolAke

AR T & 5 2 5 FH TR O AR F LB 1S
BALE G52 5HHNTE L. 2S5 DOELIE internode DA =
ERNL72HOTHY, BARTEF v 2V OERLR AL
DG 5. FEhtRHE O Z & 2 50 E S 2, HO LD
FE L7-IRIEIET 2B oRE 270y P LEE%E
BT 5.

SR I A & B R 2 T AH D, Bior i
PR TR OBEENS LA L, LDV ERABRMTH S
PLORE LIV NVOEREE 2 5HTES. FIT#E
PERIFCCIE X 0 BB S BT 7 B B P S e
IZIEFAT fast K F v RV R slow K F v OV O #5E % 5FAM
LT 5. @i im sk o § 1k B B A R0 08 o5 7 76 1k
b4 & ¥ F x AV OFfE % -l L T 570,

DO F ) BRI IEBEMNOBLEMLTA F U F ¥ RV
WEEZHEZTLHDOTH 5.

2. ALSICBWFBF v RILEE

ALS I Efy - TiESi— 2 — o v M3 Sh, 7 ey
OFTET - HiEWHP B AHEETDH 5. Fasciculation 1
ALSPAMZ D =2 —a X F — R MR REE L EORETH
HREDLNDLH, INBHEROILFHHIZALDLENLHD
ALS DI TH 5.

INE CHIEEHELZEED BWAIRICL D, ALS Tl

Fefith Na" BRASH A L Tw 2328 ST & 722%. ik
P Na B O 1E SDTC R LA L o T S B9,
SDTC (& #hitk Na Bt x )KL L, Zoindiek?E Na' i
TOBEIMZREL TW5.

L& LRtk Na” B oML ALS 7217 T% <, HEEMEM
EHHER EOTAGER = 2 — 0V ASREE S 2 BT B
BRNZA LD LN TWSY. L7ho Tkl Na B o b
Jml 721) T fasciculation B2 BT 5 Z LIZTE R\,

FALS TR K F Y A VOBBRTABI > TWwaED
BHOMCENTERLYY, K'BREINANEOEFRTHY, K
F v 2OV ORI T & 0 BRI AN R 5.

Na'@it & K BRORF, ThH 2200F ¥ 2 VEFICE
) BEEBAL AR AR AT L, fasciculation 2538 2 0 %9 <
%o TWBLMEEEDLND 5.

3. TargetCMAP % h Z 1-EEDOHR

ALS TIZKEOEBMFREAT L 0 BN E S WO @B e
DOEBEWOREZ L %5 LM TH L. BIEEHREA
CORBMHRINZD BV SN KT v A VIR D BE AR &
NT&E72DS, ALS TREMEREDRESHMET LI L %D
720, L e 2RI AE 2 o SRAHE I C oo il 3R LA 1 o0 FEAT
EBIL)FENEELEZZ2 515, Sizeprinciple 12X D, K
VBB AR VIR E 2 B B, SRR B A
WHEZIEHL, ZE%5b%—7 Y MERETOEZE R 5
EBI ol

bivb g4 oFEL X)L (10, 20, 40, and 60% of maxi-
mum compound muscle action potentials) O EBHAEE % Il %
WCAZ ) == v 735 bbnT, MauligfigT s
W22 & % AEEMELERKET L7

FGUTFES RFIRBE % 2007 45 1 A 25 2009 4F 3 HIZ%#%
L 723EHIC, E] El Escorial criteria (definite/probable) %
7213 Awaji criteria (definite/probable) 7% f&HEIZ2IHI M d %
SO THZLERNTH 5. RINEEIZEEDOFH KT 6
(CMAP<1mV), Midh %25 546, ho=2—o/iF—
GPBICTH B, JFEE, AR IE PR GEEp I TB 2

VIR ESR AR NRL (T770-8503  MEESTHIEANT 3 T H 18—15)

INRAAL ATII - T4 —ARAERE V¥ — /=3 — F K% (Boston, USA)

(ZA+H : 201145 20 H)



ALS T3 B iR O BEE A2

SDTC

=
0.2

0
10 20 40
CMAP (% max)
control

Strength-duration t

TE : ot ks

0/
/

Threshold reduction (%)

# P<0.05
*P<0.01

£ 5 o5

S SO S
o)
i

Delay (ms)

TEd (10~20ms)

100 100
90 90
N ——
70 70
60 [
50 50
1 1
0 10 20 40 60 0 10 20 40 60
Target amplitude (%) Target amplitude (%)
TEd (90~100ms)
70
60
50 —
i
30
20 20
0 10 20 40 6 0 10 20 40 60
Target amplitude (%) Target amplitude (%)
control ALS
Fig. 1 SDTC i Na* &% W3 5. control
Z3BikdEL ). ALS #E Tl target fiber Z & 12
TE Tix ALS # T target fiber T& 121X 5D
FZWH R BT A AL o7, PICidE s E
ZWELEE APB THIUIE TFE TB I o7z, Filz < v 7

72 control 23 A & HEE L 7-.

KEFIIHE 15 A, 2otk 12 A, 4Fifild 62.8 + 8.6 7% (43~80),

WSROI LAY 6 %, TH 11 44, BREREDS 104 TH o
72 PSRRI 185 4 A T, *F39 ALSFRSR i3 400, *F35
CMAP 13 41+16mV (1.3~79), DL ix40+06ms (3~55)
THhY, B L TIHBENEO ALS Th- 7.

1EH O FEE AR TR BIE MR IEB AR, BT o 4
HERIECC & D BIEAMET Ll sk oo e -4 i < Bl _E -3
LD, INLIEMBEREKBL TR EEZ LMY, Z

MK LT ALS TIE S ORI X 2SR LT
D, WIBREBENOZEHIAKE N & EREL TV (Fig 1).
ALS3HITIX 10% OFEL NV T, JBIMELTALONS X9
B S D RO BB RASAR S/,

4. fasciculation X HZ X LICDOWTDEE

MMN Tl3HZE

E Y (%%

FRAL TR L, € O BT L
WAL TV 2HPHEN T 2Y. MMN

ERAK X W 51 : 1115
£02 P<010 P<010
S 0
60 % 10 20 40 60
£ CMAP (% max)
w2
ALS
TE : o5t P Ry
S
0. ] sone
200 # P<0.05
-100 \SA___ *P<001

Target amplitude (%)

TEh (90~100ms)

Target amplitude (%)

0
=50
-100
—150 —
=200
50 —250 i
0 10 20 40 60 0 10 20 40 60
Target amplitude (%) Target amplitude (%)
control ALS

T ALSHEE TRAEENA LD LN Do 72(F—

IEs2&ArdbN.

ENAHLHLNTz. —HTIRBMFICASND L9 &
LTWaIERD A ED LN,

T Fasciculation 13 Z O i 551 & #
WHEEZLNTWBY,

Ll —#OIEB TIZB MR 72T T L B L TV AT R
bArLDOLNZ. BEORSHIZI M3 MY 7THRERE 2
< Na'/K'pump DHEHEARETHHTE 5.

ALS 2B 2B, B2 5 IdRERESTICE b %
WM BRI BT D RTwE bbb, L L, £
DFHITI Fay B THEDSS 2 HERITL TV EH W
W&, AUfEMEC Na' /K pump 2SEIGEI L, @\ L Twab &
Zzohb (Fig 2).

ALS T [il—® axon TR REAL & #5AR AL O W F5 D
FAEARIE S N, T OBEFEAL T fasciculation 24K E
TWAIREYRD 5.

BOBOBERTEI 5T

FEDH

T4 OB L NV CHEEREE B I ko7, ALS T
axon & & OREMEEH K E < Na*/K* pump HRERF 25 H
HLTWBWEEEH L. ALS T [F— axon TR



51 : 1116 FRERMRAES  51%11% (2011 : 11)

ssssssEEmmnan
=53
=
I=<F
ssssssEmmnns

Q| Q
Q|

hyperpolarization

depolarization

7 oxm
Fig. 2 ALS I3} % fasciculation DU .

— I OMHEIBL ML, F ORI E S L T D, BEoBGMIE I a3y B 7GRS
#5< Nat/K* pump OEFEAETHMWRETH 5. BRI EEEICE D 2 vam RN oM A B
IDRTVwEEZLND. PO L TV TEIT Nat/K* pump AU @IGE) Lot L Tw»
HEEZLNT.

P & B A8 ERAL T OFAEA R SN, WHE OB AL T
fasciculation 2MER SN TV B REMEDDH 5.

tor neuron disease estimated by latent addition. Clin Neu-
rophysiol 2006;117:2451-2458.
% ik 6) Sobue G, Hashizume Y, Mitsuma T, et al. Size-dependent

myelinated fiber loss in the corticospinal tract in Shy-
1) Bostock H, Cikurel K, Burke D. Threshold tracking tech-

niques in the study of human peripheral nerve. Muscle
Nerve 1998;21:137-158.

2) Vucic S, Kiernan MC. Axonal excitability properties in

Drager syndrome and amyotrophic lateral sclerosis. Neu-
rology 1987;37:529-532.

7) Trevillion L, Howells J, Bostock H, et al. Properties of low-
threshold motor axons in the human median nerve. ]
Physiol 2010;2503-2515.

8) Yang Q. Kaji R, Hirota N, et al. Effect of maturation on

amyotrophic lateral sclerosis. Clin Neurophysiol 2006;117:
1458-1466.

3) Kanai K, Kuwabara S, Misawa S, et al. Altered axonal ex- nerve excitability in an experimental model of threshold

electrotonus. Muscle Nerve 2000;23:498-506.
Kiernan MC, Guglielmi JM, Kaji R, et al. Evidence for ax-

citability properties in amyotrophic lateral sclerosis: im-
paired potassium channel function related to disease 9)
stage. Brain 2006;129(Pt 4):953-962.

4) Bostock H, Rothwell JC. Latent addition in motor and sen-

onal membrane hyperpolarization in multifocal motor
neuropathy with conduction block. Brain 2002;125(Pt 3):
664-675.

10) Kaji R. Physiology of conduction block in multifocal mo-

sory fibres of human peripheral nerve. ] Physiol 1997;498
(Pt 1):277-294.

5 i . . .
) Tamura N, Kuwabara S, Misawa S, et al. Increased nodal tor neuropathy and other demyelinating neuropathies.

persistent Na+ currents in human neuropathy and mo- Muscle Nerve 2003:27:285-296.



ALS TIEEE R QIR BB AR & » 51 : 1117

Abstract
Increased variability of membrane potentials in amyotrophic lateral sclerosis

Yoshimitsu Shimatani, M.D.”, Yoshiko Shibuta, M.D."”, Hiroyuki Nodera, M.D."”, Atsuko Nodera, M.D., Ph.D."”,
Kotaro Asanuma, M.D., Ph.D.”, Yuishin Izumi, M.D., Ph.D.” and Ryuji Kaji, M.D., Ph.D."

"Department of Neurology, Tokushima University
“Beth Israel Deaconess Medical Center/Harvard Medical School, Boston, USA

Amyotrophic lateral sclerosis (ALS) is characterized by increased excitability of motor neurons and early in-
volvement of large motor fibers that have low electrical thresholds. Despite the advent of new techniques of
threshold tracking, exploration of this abnormal excitability has not been straightforward, by tracking at the sin-
gle target level as previous reported, because of the heterogeneous nature of the disease process among fibers
that have variable thresholds.

We have assessed different populations of motor axons by tracking at four different target response levels
(10, 20, 40 and 60% of maximum compound muscle action potentials), and conducted multiple nerve excitability
tests in 27 ALS patients and 23 control subjects. In normal controls, axons with low thresholds have the following
characteristics compared to those with high thresholds: greater threshold reduction during depolarizing currents
and smaller threshold increase to hyperpolarizing currents, reflecting the order of the fiber size. In contrast, ALS
patients lacked these relationships, suggesting increased variability of axonal membrane potentials.

Three ALS patients demonstrated changes in threshold electrotonus, consistent with overt membrane depo-
larization, as seen in ischemic nerves. The variability of motor nerve excitability accounts for fasciculations, con-
firms previously reported dysfunction of potassium channels, and suggests failure of Na*/K “pumps, possibly
caused by mitochondrial dysfunctions at the early stage.

(Clin Neurol 2011;51:1114-1117)
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