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Clinical Application of Exercise Test in Patients with Periodic Paralysis

Keun-Yong Uhm, M.D., Ki-Han Kwon, M.D."

Department of Neurology, Kwang Myung Sung-Ae Hospital
Derpartment of Neurology, Hallym University College of Medicine*

Objectives: It is difficult to diagnose periodic paralysis when the patient visited hospital after recovery
of paralysis. The purpose of this study is to investigate the value of exercise test as an electrophysiologic
method of evaluating the patients with periodic paralysis in symptom-free period.

Methods: Exercise test was performed in 16 patients with periodic paralysis at interictal period and 20
normal healthy persons. Incremental and decremental percentage were calculated by using the measured
compound muscle action potential (CMAP) amplitude of ulnar nerve. The values more than mean+2 stan-
dard deviation (SD) of controls were regarded as abnormal and the results of the two groups were com-
pared.

Results: The incremental and decremental percentage of the exercise test in patients with periodic paral-
ysis(23.94+15.7% and 36.7120.5%, respectively) were greater than controls with statistical signifi-
cance(p<0.01). Regarding the incremental and decremental percentage of more than 24.0% and 32.4% as
abnormal results, the specificity and sensitivity of the exercise test in diagnosing periodic paralysis were
95% and 44%, respectively.

Conclusion: The exercise test can be used not only as a confirmative test for diagnosis of the periodic
paralysis with high specificity predicting the existence of abnormal excitability of the muscle membrane,
but also as an useful electrophysiologic method for monitoring disease status.

Key Words: Exercise test, Periodic paralysis, Muscle membrane excitability
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2 A 9)HZ(abductor digiti minimi muscle)l
Y 7EAZE AR F 5 RN FHEAA
(ulnar nerve)& A3t EFZ &5 9 (CMAP)
g et A AZ(amplitude)d] 28 E5A
A7 Jehd AFAFEY 20% 52 ARZ dd A=
& FQlon, 187402 53 AFsle] 3 74zt
B3 gAY AEFo FFAE A (CMAP-
bas)S AT IF ool FFE& AlFELH,
$FE & HEEY 262319 TP FF(isometric
contraction)¥ 5x3te] F4& WHESIH 1

AFstd BT EFAHE
g AL AEF9 FAE Ha
min) 2 A 3tAch

5% Uehde 32 85499 7k (alncre)

Y B3 E5HY(CMAP-max) % 71AA &

Z5 1Y (CMAP-bas) &t zo] & 7IAX 9 &3
watd A, 5% vehte 532 €854
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BTN BT oz, B tixTeNE #E A
Hog BT 85y F7hed gass 738
o, HF +2 EFHAA(Standard Deviation: SD) ©]
AE HARA e e FAEE FYsie &
Alncre =[{(CMAP-max)-(CMAP-bas) }/(CMAP-bas)] x 100
ADecre =[{(CMAP-max)-(CMAP-min)}/(CMAP-max)] X 100
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Fig. 1. Schematic demonstration of the exercise test.
Table 1. Classification of the Patients and Normal Healthy Controls who Performed Exercise Test.
Groups No Age Sex (M/F)
1. Normal Healthy Controls 20 30 (17~59) 10/10
2. Primary Periodic Paralysis 4 37 (27~59) 4/0
Hypokalemic 35 1/0
Hyperkalemic 1 28 1/0
Undetermined 2 43 (27~59) 2/0
3. Secondary Periodic Paralysis 12 38(19~51) 11/1
Diuretics Abuse 1 42 011
Renal Tubular Acidosis 1 39 1/0
Thyrotoxicosis 10 34(19~51) 10/0
4. Thyrotoxic Periodic Paralysis; after treatment with PTU 2 31 (26~35) 2/0
5. Hyperthyroidism without history of Periodic Paralysis 2 45(28~62) 072
Thyrotoxic at test 1 28 0/1
Euthyroid at test 1 62 0/1
Total 40 37 (17~62) 27/13

PTU; Propylthiouracil. The number in each parenthesis means range of age.
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il 7]1174 232 @5AY9E 15.1+3.1 mV(mean
+8D), ¥5F 45 A 532 5d9+E 16.3+
3.5 mV. FEF 2% A4 B2 5HYe 138

Table 2. Results of the Exercise Test in Controls and Patients with Periodic Paralysis.

Control Periodic Paralysis p-value*
No 20 16
CMAP-bas(mV) 15.1+£3.1(9.8~21.1) 12.8+2.4(8.2~18.2) NS
CMAP-max(mV) 16.3+3.5(104~23.9) 15.8+3.8(9.3~23.1) NS
CMAP-min(mV) 13.8+3.0(9.3~20.0) 9.6+3.0(44~15.9) NS
D-Incre(%) 8.6+7.7(0~27.1) 239+15.7(0~55.8) p=0.002
D-Decre(%) 14.84+8.8(0~37.7) 36.7+20.5(14.1~72.8) p<0.001

Periodic paralysis includes both primary and secondary periodic paralysis. Data represent mean+ SD(standard deviation) and the

number in each parenthesis means range. * p<0.01 is regarded as statistically significance by Mann-Whitney U test. NS means statis-

tically no significance.

Table 3. Results of the Exercise Test in Patients with Primary Periodic Paralysis.

Classification CMAP-bas CMAP-max CMAP-min D-Incre D-Decre
Hypokalemic 16.3 210 90 263" 570"
Hyperkalemic 18.2 23.1 140 268" 393!
Undetermined 12.0 109 84 0 230
135 - 160 11.6 18.5 275
Total 150+28 17.8+5.5 10826 179+125 36.7+152*
(12.0-18.2) (10.9-23.1) (84-14.0) (0-26.8) (23.0-57)
Tover the mean+2SD of control. * p<0.01 compared with control. The number in each parenthesis means range.
Table 4. Results of the Exercise Test in Patients with Secondary Periodic Paralysis.
Classification CMAP-bas CMAP-max CMAP-min D-Incre D-Decre
Diuretics abuse 112 113 8.6 09 239
Renal Tubular Acidosis 143 173 83 210 520!
Thyrotoxicosis 119£1.9 153%3.1 94+35 289+16.0* 36.4+240*
(8.2-14.5) (9.3-19.9) (44-15.9) (6.2-55.8) (14.1-72.8)
Total 120+19 1524311 92+32 259+16.7* 36.7+226
otal
(8.2-14.5) (93-19.9) (44-15.9) (0.9-55.8) (14.1-72.8)

1

over the mean+2SD of control. * p<0.01 compared with control. The number in each parenthesis means range.
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Table 5. Number of Patients with Positive Test Results.

Groups Positive Negative Total
Control 1 19 (95%) 20
Periodic Paralysis 7 (44%) * 9 16
Primary Periodic Paralysis 2 (50%) * 4
Secondary Periodic Paralysis 5(2%) * 12
Thyrotoxic Periodic Paralysis 4 (40%) * 6 10

Positive means abnormal decremental response (more than 32.4%) of the exercise test, irrespective of incremental response. ¥ speci-

ficity. * sensitivity.

Table 6. Results of the Exercise Test in Thyrotoxic Patients with or without History of Periodic Paralysis.

CMAP-bas CMAP-max CMAP-min D-Incre D-Decre
Case 1 173 18.2 16.6 53 8.8
Case 2 190 20.5 16.7 8.1 18.5
Case 3 118 14.6 12.1 23.8 17.1
Case 4 12.0 140 79 16.7 436"

Case 1 and 2 are the patients with past history of thyrotoxic periodic paralysis and performed exercise test at euthyroid state after

treatment with PTU. Case 3 and 4 are the patients with thyrotoxicosis who never experienced periodic paralysis and performed exer-

cise test at euthyroid state(Case 3) and thyrotoxic state(Case 4).

I+
CJJ
(e}
8
<
_‘EL

o]

86+7 7/ o)A, &

14 8+8.8% °|3lt}.

T 71AA B2 A E 12.812.
o g5 E 15.8
'r]lC— 9.6£3.0 mV 4 . =
% & 23.9+15.7%, —fv’:%jr: HAaE

‘/}E‘r‘*"fﬂ olFA TEF

AN BF Z4 vz Hafs
o] #A|ATH(Table 2).

S
=
<

ot & 1o o rlo
J}E oSL rlo
ol
it

r>~l

offt

NoofN -

k

%

e
okt H o gt o

L)
oy CﬂL
PN

ﬁnt{o
o

i\lﬁ
K

2 tp rle ¢y sz
&
Mo —3 ol

_4

of
2

A

2 o N9

e

1L

w
ne
Rl
0x

0

L Ol Xt F71d Aol ARt 2N

U] 714 mhu] $Ab 49o] HAEHRE wig B
A HA(Table 3), 55 T /LS 17.9+
12.5%(mean+SD)& 2T & AJo]|E Holx ¢
U2 (p=0.174), +F%F BT FEAY #age

36.7+15.2% 5 Ho FF dzed vwsiy 543
o2 usle zelE HAtHp=0.005). |z F714
o] #AE9 F¢-(Table 4), oA F&o=g Q3

ABEEZoR Qs 714 skl AR Bl
A%l BpEslel 37hest page wyley A
Asg 4oz A99Y Sldie £55 292
gEade F7hee APEsdel Sou £
52.0% MAFAY Baee vgTh HRY FE4

F7144 v = ZdE 1099 AES 2F FI)A nl
HE Qlatd AHEoz I $E50] @

AP AAAR NEE Al 46} | Aol &%
Alstdt), ol 1049 55 B3z 8%
T S/ 28.9+16.0%2 A A2 wud)
Y oue AolE UrE}a‘it}(p 0.001). =3 —3—

32 €549 Ha &
Al A Az 9u|gle ZelE i&iﬂr p 0 005)
ojatd F714 wil Bz} 1299] Hi FIHES 25.9+
16.7%, BT ZAAEL 36.7+22.6%E, ¢ET 7+4
AT B dzE onide AolE Bgd ¥
714 ﬂ}ﬂlﬂ}— ge] 371 AAg BF O
273 oJugle AolE EATHp=0.002). kAT LA}
4 F4 U}Hl FAEFH oA FUIA wh] SR
Atele] 7 L3 B AN FUHew
#aoge BATHZ onide AolHo] fiit

P
't/
lo
o

4. 2SFEUAAL] Fojzot Uz

T
=

B xTe LAY 55 &
A9 37k 3 ¥ Fagd FTF2EFHAR
(mean+2SD)¢1 24.0%%} 32. 4%%_— 77} HVé*W”
B3z %Ex{.ﬂg} Z7H: 2 ZAEE Hoe VE
2 B8t $EF B9 A9 ke 4—

pa

FHgol EFF Hl%ﬂ”ﬂﬂ HAgS HOl ALE o

o 1

)

- 63—



b

HOE .
[= e

H

71

rol«

A ANARE 25d W, AA 1699 F714 vhi) &
A2 1= olme 42H44% 9% 95% YEhdH
(Table 5). ol&dx 4243 F714 vhle] Ffole
50%9 WAEE EAx, oA FVIA e A%
42%9 DAEE Jelt. oAb F714 k] FollAM
W S5 F7174 vhle] AF, 10854 4%
HlRAQ B2 i #Aage Ho 40%9
UAEE 2.

5. &7 OtH[7} gl EXI0|A 2] 21t

HAAAY Bgoz B 2
oMol A SEFLANAY B HPA BG
253909 57183 #F4&E RAHTable 6). 3
@ 3714 ohule] Welo] YUY 299 WEH 3
BAE FolA FPPAAAY Bgoz FHHA 33
A ez HEE Fo LERTANE APT DA
JAE A4 A%E Bgou Aag AL A

o A 25 A AR ALY A Selle vA
ARl B3tz GEAY 9 7AES BYrHTable 6).

F714 vhlE 372 (skeletal muscle) 541 E9
2 22X (membrane excitability)e] iz 3}
dAlA) ZEASE Uehvde @z, oddt ¢

Aol QM= vebd = AR fHA 21
9% YEEH(sodium), #H(calcium), ¥ #F
(potassium) ©]- ¥ Z(ion channel)®] 2gozx ¥

g 4 gluh. o F o]&FEY T AR <l
AFHoZE F7IA v ooz 259 BF, F
Z, 22 A F(myotonia)s T FFEC] YENE &
e, zZtzhe] o] 2E2AFe wWEtd o] FHEC
A2 FEEo] Yeid F s7] e, dFHeR o
E A82 histerde 22 ozgo] it 3
BFARAEE 71e& ol&atd, g 4ol o
2o HFHAAAE] Ay AdE EAW0]
Fohfio] P AeS & ¢ YA, BE
EdWo] fAxIt EAEE Aol oz, 1 AAH
HE 2 HAREITE vderAR] dEle AR st
W, FAA ALY QFE A Lol A e] ot

F7174 v Al A 2 A A o] Al e A7)
A ZAle] i3k AFE 2] BR 9ok 9ad Az
834 F714 nh) gxke] ZEA B AlgE A
BAAZAANA &5 2 4 AAAESEEE el
A st Hx HlFH st B3 &5 Ye] W Eo]

ZAagthe Barl gow ? slEale] wHEAERSHAL
(repetitive nerve stimulation test)& Al&&3 =}
Hle] A= 9 SRz waka F7hkE (incremen-
tal response)o] UYEhdthE Bak UKch’ =S
AR FEA FA vhe] SxllA] wlr]Ald] Al <
AeAAPY, #n A2 FE(short duration small
amplitude)?] AZFAQ FHZF(myopathy) &9
FEGY 249 (motor unit action potentials:
MUAPs)7} vJehdths Bax gioh* six|¢t o]23t
AR eAQ HAAZA L v 5o[HQ] azeln, A
Z v 3oz Agarlde B ols
o] Sl Ao] Ao},

vpa) Aol A FBE F gl A7k AL
Z Edlo] ol dtsg FohfEe A7t LHdRH
golgtedl, F714 vl SxjollA Wt ofuje} A4
AME FFo sl BT ANV Sl &
Frde oA Zaste AZAEEe] dsbt e
o F714 v Sztel A FARIGM Bt I S
3 ZHago] o Ade 77t AT’ 2 o]F M-
Manis & 34U F714 v RSN 5+
WANE At O 238 BN e, 14989 &
A dxre 5% B2 25499 A Fhee
11%(0~27%)R1 5% Hd F2&S 156%(0~
30%)9om, ddHeR A A F714 v
2199 Hi /e #Aage 47 35%(0~300%)
9} 48%(10~82%)A1, ©lA3 F714 whi] 9o 3
T Z7He3 e 242 35%(0~200%) <+ 50%(26
~67%) %, BAZA B4 QA F714 wh] &
A 55 SRS @MY TS L% 4
Agol F dxEEY o] A JEdE BAFT
Kuntzer 5%& 714 wh] &z} 8k ojye} o] o]
LEZAZY] FAEINE LERFLHAE AFPsIE e
b, 34 Az A$ g S7Hed ghdo 47
10.1%(0~26%) < 22.9%(0~43%)9 o, o8 o]
S2A%AM vFSEA IS E5HY Faee
S Eastgrt, £ Az AFoA AR dzTe
35 B9 25999 e e &% Hd
g 47 8.6%(0~27.1%) < 14.8%(0~37.7%)
dA AFAF L fA} Bom, o8 VEeR
714 wh] @XEe] LERLHAL 2 BlwsliE
o EAA FAHE 7RE Aol Bk, kA%
7173 whEle] FH wE, & A F714
o|xg F7143 wh] Alelo] HAMAT L] Apol=
M le=

McManis 3°9 A7Ae vAZAA 532 &
A9 A2 40%014o2 e, 100%2] 5
o|=F Ho|HA 217 U V14 riH| EAE
e T1%, 989 oz F714 v BAEed M=

o

N K Y

s
o
A

ol

— 64—



%714 ol BRj0| M BSRLBA UL MG

67%°] RS Bt Kuntzer $%¢ dFors=
HH AR 2288 40.9%01002 FHlgon
97.8%9 Ec|=g HolWM AXA F7|A4 uu] 3z}
TAANE 81%, °olAA FNA wh] SAAFdAME
16.7%9 RMAEE Jehdoh, B d7ME 32.4%2
HAZAQ B2 35 dagE Fote rFe
2 31, 95%9] ol 44%9) UAEE B B
o|Ee Sl dH F A7 A} Z olv} ¢l
o UAEd oMy FA A gL AAE BHY
o} HE wFAAZQ Bt &5 7ALE H
T 7IEA 7t 71EY A7AT By} %A E W e @)
A5 Bolxrt 4ds| mA U ASE Hol B g3

15 5

oA =7l A #EE R JFEANE YT B
e Aol hQlo] oz ThE 89lo] FAHL Ao
AZtdd. & RE F74 nhe) 3z} A H) AR 0]

AAATE Hole Re ohid, HA BN BAY 5
¥ 9 Adde) Walsh e 4R He 2
SALS 5 U@ 249 Aolol A tike
AATLE debd & 7] WRel, 7714 st o
AE BRI LERTANV A4LEE AR
B F4E AP Fo wEA0 ANE Adele
o) ZT° ER R F714 oh) ol

S FAF) WRA HAE A
$530) Yehle 292 AN Padye
S

%_
A
TEF 10~20% Alolo] £ @FA7 ARG
Aasp] AFR, 30~40% Atolel 71 o] 7ael
T %S HolAW, E LEF 60EMA BHY= @
FAATE AL Fardte AFE Bole ALE U
E ATNNE A F54 F714 whe) Bl &
FTF 60E o7 E¥}Z AN AS Zagd
B57F A, ol e mlg o, F14 v
7 AAE e SN EREHAE BAAN Ane
B
,

|, F718 v SN Ef
PSS HolA e UAEE g =9
F7173 wpH] o] 2§ 2F
NI 2, AZEES sl wFA QA
FASHA =i, o|=20% JEF B2
st 28 AXE ZAelel TR A
25 F5 AHE JHee AeE gHA
o olg @ AZEEFA FUA vhle FE AY
AA 402 sy, 2542 Z4(calcium)
29 ¢3-ol29 ((1-subunit)E& ZE=3}(coding)
8= CACNA1S(chromosome 1q31-32)¢] &% o]
o oaix wHste Hoz WAL ? HIde JE
¥ 529 A#d" f7x9 SCN4ASY EdHol 2 gl
AZEESA 77148 M= EAEA oY ® o) &

O,

JEE 2 4394 S} A2EYS
HREe e e dosled gloid
&g SEAd daANE ol WEAA @
1

k2 L o)
iﬁrﬁ‘jg}-‘q
L1 o rfr

>

AR F54 F4 vhe 43 AZEEEA
F714 uhHle} Zo] @slEe v HHE 53
FA7le wh)zp BAYE] W] YR er F71x)
28-S FEIE o, A glojA 4zt
A F714 wHle F2 100 BAA FEA F7)
4 sHIE 20uellA] 30tiel &3 Aew diA x,
g F714 vhlgke g A £24 F14 vt
HlE 71EEo] A9 gitke Ao] zpo]Hor} ** i
£ AZEEFH T9EHY o7 2Assd, o|u A
W A ZEL AAHR] FouA PN TEE ¢
dta] Na-K-ATPased] 8457} F7iso] &§o] 0]
AL ZHE AXYZ o]F3l vehtes @Ado|n %
o| 2RI AZFEF st TIAE AN g
o] dojud, A3 UEF E29 ugAse o
of 2ol FRAo] FasA "ok T SRt o
4 MZAEEFE F714 wploA e go] Z8AE
A8 gEFo] dojuA e FE3 - o1F
A gelA dA Fot!

Arimuras"e 1749 F714 vy &2}

SEFLAAE A v FHA
A9 AAEE B 1087 LA L
W, olF HAG &1 S B 104F
A4 AZEEFY F7148 v, 6He X
F714 v &2 gom, FAaAE HA T

o g 3 g

it

=

f

%
& o= TH e

=

2 o

[
ro
ol
flo o
=

of
oA

=
&

iy

ol &
ofN i o

< Wdste Ao2A, F714 vhHle) 2714 A
HelZld, & ZSAX A uAAY £8
AE A e B8 TR dolA dEH s
A7 JE F2F AAAS FAAGL. & Az
TEY FEF A B3 gAY Aad
HQ 78 7144 vl ExE FoAM 2@ 4R
71748 o), 492 A S5 F714 R en,
19E AAsd A3 sid F714 vl S9a,
olF THe F7IAY v BAEL ZHAX B
TR0l AdQE vgdH ez Faso JeE Al
AREITE Y o] B M Adnd AEH Fukd F714 6t
Hl 149 B¢ Agde 92 AZEEFH 77148
ElE AzEglov 4 #EF And AFe
Ad AF2A, o] SR LFFLHAMS A4
A B3 A Aass
7R msfopd Akl Sl
Toz A% AdEdETH T

£

-

ox tlo rQ

—

2
29 Aol dalre
A 2. LD
4 7714 vk @l

—- 65—



ol

228 - 2|

r

Me 4 #7148 vy 3 S54 F714 v
o= g2 ZSAE A TR0 AAE F U
S g Y B ARy AFelA vAAE] 57
Z ZEAYe AAES B AAET 4AF FAle of
olE A3 AZELSAE V14 rIZE A BREE
o] 3l& & lod, F714 wile URlel tig &
AN e FF 389 AL 78 AEHez AE)
A, gesthd fiA AAA R Aol & Ao
2 Algdo

WA 2R FA4 vhle A sl 3
Rg ol vehvz, 33 vl1gel FAeE 3EE
Fole vhZt fEsEA AR 9 Adsie s
FAZ A7t HH oA wlst fdEE AeE Hol
AR 7% et 2148 wHlE dodledd F
23 4L e Aoz dHA Uh® A T84
F714 rHIZ AdE RN I F5F5Y A=
A As8Fod TERFLHALE 474 Aldstd 1 Ao
E Had ATl A A 71T dRF AElA
= 255 9 550 B2 g5HY ke 2
2&o] Ztzt 48%9 58% o, INEF F WA
7% Uz FdEE Fo TFHEHAE Al A3
10.8%9 Z7+&3 17.8%9 #4e&S 290" & 7
AR 25 F714 vl ERA A FEF A
B Aol Al EEFEAA A Ve S &F
A9 HFAAQ AL B A VITe®
3EY Foe A AALALS BIF dE 71gEA
dgeln, SR LAAT AE F5 F14 v
gxte] ZHARY J1eE HHE & YS B opy
g, A 7l dRF BACAA A 71eE A
e FE3 WUAEEA HoE A F USE
AARRIE, B Azt A oldAE I F5
g4 F714 v BAES A AR A 53 Fof
Al EE5REAANE AldskA X3t AT, #A
d A 54 714 eE JdEo] A
AE 543U dA FF A 715 35E 2
e AES YR TEREHAIE AP,
I A% 24 2% AR FEEdA 2RE By
ARl ¢M A7FaE A du Y&
ISR A=

TG HBAC F714 vp|E A & W F
52 84 2% oA 18 X8A, 18- A
AANZ 85T 4 W 715 38E Fof &F
FEHALE Adsided, 34 3 Vlses I
d 3R] Agele BAd 235 Edoy AEA
P FES AN TEREHAE AT Sl
AMe vE FAd F714d vHE AYEA ZPAT H
B4HQ B2 2EH9e AAEE 23 OhsY
2 F7144 epE AE3 A F5F Y T4

S AR gL A 5T A
A Na-K-ATPased < &4=E uvlmst

B3l A SEZAAE F714 w9 A3
o A#glel Na-K-ATPased 9 #4=7 3%

Ho} Zrigo] Qlm, A3A U4 vHHle ofd ¢
HAA] ke oW T sAd] 9% HF LF A=
W ol 9l dARTm FAsAT F, A
FEZ gAoA e TEAE $HYe RG] A

o] 9l7] W&o wE F71Q wulE AR skl
= 7

rH
2 Ho
4

oXx o
cC o o

i)
=
b

Rt

T o
HAE FRAY A= wetd SEFEAAS 5

o2 o]F FHslEle =¥o] Y8 ¥ Aot
F714 mhlE Bds Sl bE A8E SN 2
%S 7 Hole AEEo] glon, olFdA A3

A
o] 3270 4% (paramyotonia congenita)® i

o 1o ox N

Hog A3, YEF B29 U5 ofdkd]
Add AR SCN4A9 9ol et wAYgh
gu g2EiA Jn T YEE 52 FolA wE nigdy
3l(fast inactivation)dl Zel7t AR 2035
fasiA HAe ¥ =8 ¥ 3 (slow inactivation)
o izl A FH, FRAAM FAIZY B AEHE
HE futelA goh* AAA o)A TlM e F
Ao =EHAY, wEEHE Z$LEd N 2UFS
o] dojut o] 37 (paradoxical myotonia)©l
vetdtle AolM AEAQ 2534 93N 2075
o] ZANH e ZEYZTY FVIA v A7t Yo
v AAR dddez F A3E EEE oddE
357 8ok AT AV gAHer 3ZFESA
FNA e SEFEHAIA T AR 20 EF
2 ) EAA N B dEAde) njgdE 7
AEAE Holug * ¥ LBREHASL VLA

B3l ddFez ol o F Fge 7z
o E&o] E F gtk E Azl AFudel ¥d
AZFETE F1A v Exle ASE vpHAld &
Z A7 71 A, A HAlA 2%
A} ¥ (myotonic discharge)& BQ7]d n2E5d%
A F714 w2 Adsledd & odse gz,
7| A e AldskA] gkskey e 5% 23
o} Zo] FFRHTHALA HIBA B 2539

B3
o

=]
-

=

ohz AnaTE BRAEUE f85) A8 &
e £ BAYHE P AT A



2

2714 ops| BXGN 2ERLYAL Y4 B8

Tl 23 Uy B $71 UR Aglon
2ol dAiedel] W HaRe) A9l

o ofxle) 47} wold FAGHA Wzl 3|
el ot ols dyEsl 319 o

i F714 ohle] Aol F2 gRl
1 2o WYF FAFA 279
L ER PP Y 314 o)
A5 A2F B YINE BED ATE 99
He 39 Be 845S Yon 49Ad A7) 8
28 Aolvl, £FRIANY A=A A 774
shilel Wegeld 29 ge A7 0 Besels
AEgT

4

rhu

AZEL F714 v 2 Ak Bxjold E-R9d
Ao AeE f-848 ot mat 169 F714 wiu)
2ot 2089 Y dxdd ddez SERLHAE

Aldste ogat 2 228 AU

1 714 op] A7 B4 dzey vasid &
FHEAA NN BATEL ouE TR E( p<0 01) H|
BHY B 45 e A E S B,

2. dAd F7173 virle} olabd F714 whu] Aleld]
T 2 HEAAL] Ato]E Bolx] gt

3. HIBRAQ 32 EEHde e g4
B ETe BEX+2SDY 24.0%9 32.4% = @0}
A, A 4J Hhed Holg A48 e 3
o, 95%9l -‘—E.— 1529} 44%9] =S By

4. HA A 5 F714 v AdE 3
AL Bz dA FAHQA A Jlse
2 359 e FErEabE B3aAE By
°"4 718 g AEIA ® 1A 7% 3R

T Bl AgE As] W A 55 2H

W TEHEAAE AFstEE W HP AL S

rulo

O:

K

Py uisy

A&

n.lO

_1

[o2

e Fose wYo
FERVAAE 2o HPYHoR il FBA
2 wgee o9 714

AAYAGAL AN,
vhle) st a1 PegeE F3shede] @ 8o
2 2d ohje ABEAE BYAEUAE F85
A48 F 0% Ao AREY,

re

Sk

0

1. Shapiro BE, Ruff RL. Disorders of Skeletal Muscle Mem-
brane Excitability: Myotonia Congenita, Paramyotonia

Congenita, Periodic Paralysis, and related Disorders. In:

10.

1.

12.

13.

14.

15.

16.

—67 -

Katirji B, Kaminski HJ, Preston DC, Ruff RL, Shapiro
BE, editors. Neuromuscular Disorders in Clinical Practice,
Butterworth Heinemann, 2002, pp987-1020

Gordon AM, Green JR, Lagunoff D: Studies on a patient
with hypokalemic familial periodic paralysis. Am J med
1970: 48: 185-195

. Campa JF, Sanders DB: Familial hypokalemic periodic

paralysis. Arch Neurol 1974: 31: 110-115

. Puvanendran K, Cheah JS, Wong PK: Electromyographic

study in thyrotoxic periodic paralysis. Aust N. Z. J. Med
1977: 7: 507-510

. Yang DW, Lee SA, Kim KK: Thytotoxic periodic paraly-

sis: Electrophysiologic studies during paralytic attack in
two patients. J Korean Neurol Assoc 1995: 13(3): 671-675
Engel AG, Lambert EH, Rosevear JW, Tauxe WN: Clini-
cal and electromyographic studies in a patient with prima-
ry hypokalemic periodic paralysis. Am J Med 1965: 38:
626-640

. Subramony SH, Wee AS: Exercise and rest in hyper-

kalemic periodic paralysis. Neurology 1986: 36: 173-177
McManis PG, Lambert EH, Daube JR: The exercise test in
periodic paralysis. Muscle & Nerve 1986: 9: 704-710
Streib EW: AAEE Minimonograph #27:Differential diag-
nosis of myotonic syndromes. Muscle & Nerve 1987: 10:
603-615

Arimura Y, Arimura K, Suwazono S, Imamura H, Sonoda
Y, Maruyama Y et al: Predictive value of the prolonged
exercise test in hypokalemic paralytic attack. Muscle &
Nerve 1995: 18: 472-474

Katz JS, Wolfe GI, Iannaccome S, Bryan WW, Barohn
RJ: The Exercise Test in Andersen Syndrome. Arch Neu-
rol 1999: 56: 352-356

Kuntzer T, Flocard F, Vial C, Kohler A, Magistris MR,
Labarre-Vila A et al: Exercise test in muscle chan-
nelopathies and other muscle disorders. Muscle & Nerve
2000: 23: 1089-1094

Jackson CE, Barohn RJ: Improvement of the exercise test
after therapy in thyrotoxic periodic paralysis. Muscle &
Nerve 1992: 15: 1069-1071

Watanabe M, Hasegawa T, Takeda A, Shiga Y, Itoyama
Y: A case of hypokalemic periodic paralysis: utility of
exercise test for the assessment of therapeutic efficacy. No
To Shinkei 2003: 55(6): 527-529

HAE: TERLAAAA A7) A2EA o4 g 2l Az
F4 F7143vly] 1. 24218 1999: 42(4): 27-30

Kim KS, Choo MK, Oh YM, Kim SM, Sunwoo IN: Elec-
trophysiological changes by exercise and cold provocation

test in a patient with hyperkalemic periodic paralysis. J



[og P
=y

g -

o

18.

19.

20.

21.

22.

23.

24.

25.

Korean Neurol Assoc 2000: 18(5): 665-668

. Ruff RL, Gordon AM: The Periodic Paralyses, Physiology

of Membrane Disorders In: Disorders of Muscle, New
York:Plenum Medical, 1986, pp825-839

Zwarts MJ, Van Weerden TW, Links TP, Haenen HTM,
Oosterhuis HIGH: The muscle fiber conduction velocity
and power spectra in familial hypokalemic periodic paral-
ysis. Muscle & Nerve 1988: 11: 166-173

Rudel R, Lehmann-Horn F, Ricker K, Kuther G:
Hypokalemic periodic paralysis: in vitro investigation of
muscle fiber membrane parameters. Muscle & Nerve
1984: 7: 110-120

Ruff RL: Insulin acts in hypokalemic periodic paralysis by
reducing inward rectifier K+ current. Neurology 1999: 53:
1556-1563

Fontaine B, Vale Santos JM, Jurkat-Rott K: Mapping of
hypokalemic periodic paralysis to chromosome 1g31-q32
by a genome-wide search in three European families. Nat
Genet 1994: 6: 267-272

Bulman DE, Scoggan KA, van Oene MD: A novel sodium
channel mutation in a family with hypokalemic periodic
paralysis. Neurology 1999: 53: 1932-1936

QOkinaka S, Shizume K, Iino S, Watanabe A, Irie M,
Noguchi A et al: The association of periodic paralysis and
hyperthyroidism in Japan. J Clin Endocrinol Metab 1957:
17: 1454-1459

Delong GR, Adams RD: The neurovascular system and
brain in thyrotoxicosis. In: The Thyroid, 6th ed, Philadel-
phia: Lippincott, 1991: pp793-802

Shizume K, Shishiba Y, Sakuma M, Yamauchi H, Nakao
K, Okinaka S: Studies of electrolyte metabolism in idio-
pathic and thyrotoxic periodic paralysis. Metabolism
1966: 15: 138-152

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

- 68—

Layzer RB: Periodic paralysis and the sodium-potassium
pump. Ann Neurol 1982: 11: 547-552

Hoffman WW, Smith RA: Hypokalemic periodic paralysis
studied in vitro. Brain 1970: 93: 445-474

Ruff RL, Simoncini L, Stuhmer W: The possible role of
slow sodium channel inactivation in regulating membrane
excitability in mammalian skeletal muscle. In: Contribu-
tions to Contemporary Neurology, Boston: Butterworth,
1988, pp153-157

Kang SK: Thyrotoxic Periodic Paralysis. J] Korean Society
of Endocrinology 1993: 8(1): 15-18

Oh VMS, Taylor EA, Yeo SH, Lee KO: Cation transport
across lymphocyte plasma membranes in euthyroid and
thyrotoxic men with and without hypokalaemic periodic
paralysis. Clinical Science 1990: 78: 199-206

Fontaine B, Khurana TS, Hoffman EP, Bruns GAP,
Haines JL, Trofatter JA: Hyperkalemic periodic paralysis
and the adult muscle sodium channel (-subunit gene. Sci-
ence 1990: 250: 1000-1002

Ebers GC, George AL, Barchi RL, Ting-Passador SS,
Kalen RG, Lathrop GM: Paramyotonia congenita and
hyperkalemic periodic paralysis are linked to the adult
muscle sodium channel gene. Ann Neurol 1991: 30: 810-
816

Cannon SC: From mutation to myotonia in sodium chan-
nel disorders. Neuromusc Disord 1997: 7: 241-249
Haward LJ, Sandoval GM, Cannon SC: Defective slow
inactivation of sodium channels contributes to familial
periodic paralysis. Neurology 1999: 52: 1447-1453

Streib EW: Paramyotonia congenita: successful treatment
with tocainide, clinical and electrophysiologic findings in
seven patients. Muscle & Nerve 1987: 10: 155-162



