BRI DBLLBWVIIRATZ T4 v T4 v T %IT
. BMERICIERA D KBV T WA »BIET 5.
EICES, FIBORICEERBZMEL TV
UM, IPAP % 1 cmH:0 < HWn§olgse L,
12 cmH:0 £ BV F TR ICHE R & Luv,

(E N2 F)T 7407 — % AEPICEHT L
id. RO IPAPHIZ 2 ~3ecmH0 B L CHRET
HIk)

E. ALS ICE T 5 NPPV ##5 - HREE R
1. BREMBFOFE

IPAP 12 cmH0 T ULIES { BEOBRTIRREDZ
ELTHTD, BB HIORTIR %L %Y, Wk
WL s l, PREVAT 2D, WHRAEHE
b4 5. HHIERAPIC SpO: DI T D 556
WA R U 5 H4A 13 IPAP % 1 cmHzO FoHe L
THF<. 16 ¢cmH0 BLEIC% , BT EA L
BUBBENFEZ S, H:ﬁ‘uu i Z.) EXRIT LD
Y= BOWEZ, WOMNITEMDBLOEH T T
W% h, 2T, IDNSEMEN L WiaE,
EncorePro®, DirectView" % & DR 7 — ¥ D4
MY 7 o7&/, SpO EMABOBBRE T

s %7250, BREHORATRIN, WPREE, —Eik
S, DFHREE, V-2 R EEMET S, KH

7 ERFEARDL T O AL M2 & B SpO: DT
BBEXLEEIF,S/TE— F2 5 AVAPS (Average
Volume Assured Pressure Support) E— FI{ZZ&E
T5Y ZOFE-FIE, B LARABCES WV
EHEIWIZIPAP 2R §E— FThb. Lz
X, IPAP 16 cmH:0 TH MDA SpO: DK T HB
&L, MO SpO L M7 — ¥ & A% O —[al
%ﬁﬁ@r &N 5. 7ok 2 E, SpO: Mk
FTE& 5 AR EOTHA 350ml TH 5% 61,
AVAPS ORARRE DMK I % 350ml & & ET 5.
WH O IPAP IEZE AT, BN T L BORS
D IPAP % 20 cmH0 T 5 &, HEMIL R
AE % 350ml IZHEFRC X A X 5 12 IPAP 16 cmH:0
25 20 emH0 O ZBIGICHEE L T, LER
KD & IPAP DMRAICHMT 50T, BEHEIETE
Y TH5.
2. BHEZTE) (MAC) DWEM
FVCOETIZH LTI IPAP 28942 LT
SIGT 7275, KB IK B EONWMY»H 5 &,
Bilevel PAP TIEH R R MAMICES v, KEN
D EE)R o THRLET DV HFEETHS. CPF
BRENOREREDWYDO I )T 5 A (E
1t) e ERTRMEMTH S, KM, CPF K
TLZzWEHIZ, Ptk 8 A5, ERIC

HIEE SRR 8 12% -

£ %73 CPEF % 270L/ kil & 2 o 72 6, BRI
B (mechanically assisted cough: MAC) HiEA
TAHIE#HET S . CoughAssist” (H4) %<

A7 &RALTC, SEICHBHE (+40cmH:0) % 2 B2
EMA %, BREAICEE (40cmBE0) % 2 PR
A % Z & CTHED Db Y Ik 5 5HVITER
g5, :nf4m<%wwhtb

JEEEMZ B RN EF C(sz‘i DB"‘f)‘blﬁi
B ORGSR Bk, Jé&’?’ S O R
fjji%#&fi’bﬁik) “5" ﬁi,g] il H 1y ¥yvay

U & TE

[ e 6 2 My

H%& BT . téﬁﬁﬁ Bﬁ“x@ra,%/* (A 4’“ G-l
MAC&&W@?C&T@%mm@T%&»&#&
Vo 2010 EA BT

TORRAGEL ENTW5E,

4 BEHE% B &7 CoughAssist’

3. TPPV AD#IT

MAC O Z R L TH I KE 5 %
ETERVHEE. [EURIC X 5 BERAHEE
(TPPV) 2B E 7% 2% TPPV T NPPV &1
BEHCRETWHNBETE L. TPPV S8 E
%5 b ) —o0HMEIE, NPPV Tid IPAP ZH#iinL
TV ERNERTY) - BBERTRY, B
- RBERMA, VALE WD ADLIEGIR Y N Y
FT—Ya Y CREEMLEZEI LRI L5005
Th5bH. 24EH NPPV 041, AEAEHET
DIAIDTNTRETLHERMEIME L. O
Michotb, HELLBEEED -2 TPPV
BLELLRE, —F, FaveryxWHYA T
T4 —BEBEORAE, ALS & B Y WEEH - HEEE
PRI TWAELYD, NPPVAETELLTHH
WRBEIPI 7% &% (v, STRERT 20 SRR R IAE I 72 &
THEAEEELTRETH S, ALS BH A NPPV
S TPPV BT T A LT EALOREIR, BR
PEEL, ADLHIRD 2<%, Bho/t L &L
5. ALS O#EFTIIC B VTId, NPPV iZBE AN
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& ADLHIRRAS < 70 B OC, B - FIEICRH L T,
NPPV 255 L Cwiid, TPPVR LW BH L
HPELTHD

V. NPPV SRIID /- DLEFRES 7
A. KEHEEE PEG

1. REDVALS ODFHEEERD D — NSTDEA
WL DL T, ALS BEOARMGIE BMI (body
mass index) (IKFET BT EPPEE N F
72, NPPV i O BB I RN IRE L T B
CODREFREZEUIIBI R LI, £H
PR — 2 O 43R — M F— 24 (nutrition
support team: NST) #3iH EIFA4ERDH B, &
ERET BEOHET RIS LY, TETROBRMS
KL TEDBRICSTRETH D, BADHFET
&, ALS TII M EIT RSB T EREBICH
LIV oTERES 00, BEIZLbE
HEESIZWVE I, FEERNELHELTEIN
WHAINIILETH L. KE, BMIZ L2 S
SRR T RET L%, HEMICL DL IKED
WOREDL LWEBELTVBEONSNTAI &G
fEL v, ZEERAE Mo T TN T
50, EHOBEILIZNET S ETICREL> T
., —HT, BEBIPBEC L6, RELE
BIIET T4, BRI AVF-BHET S-S
HiL, METERY Y I VR EOERBZEDETER
R/ A0 N I N

2. PEG % NPPV EARTIOERT

ALS DI AE L WTEEO MBS 2 IHF TR
HICL-oTRR D%, ALSO NPPVEAD S 4
IVFEPEGCDY A IV VOHBIEIRELT AL
WA ONPPV A LCIETICAZ TV Th, W
THEESEITL, REOEBIDREOA»S+45ICTE

b, KEBEOD, HEPH#ETLEHLT
LE). RAREREEZHBLLIIETHE, BA

Li7cFa—T0oll, A7 LREOMPLLT
V= BFEL, T2 RABIZLEIEL
TYRATEFOMTBEIEINLEY, Fa—TEEH
OBETROIEEZ K L, NPPV O#kihfHE &
Nb, ZORICPEGREAZ L BEVHELT
b, %FVC A 50% L F TR o NBLSERAEIC X
BIFRASEALOfERMEHLE {, PEG DE%%E H
%6@&<fi&b&w$ BT LY o
AT 5 20121, Mﬁ$%@%ﬁiﬂm%
mwvélwkmﬁféutﬁmﬁén&i
3. NPPV %0 PEG &% (1 ATgE >

ALS B#13, PEGA vk H ML o720

PAME, NPPV @B AR, BIHERUIRE & &
LI EDE L, PEGOREFESLNIZL WY
L o=il#i#d4 5. NPPVHEIIZ, PEGAES LT
LTERDIGEE, FRAEND BT
YAZIZL B NPPY 24TV R0, HANRES
FECHTA L PEG 2EAME 2T 5. ZOFEEMH
zttﬁ”,i'ﬂ&LTw&w.%ﬁﬁ%7X7
ERINTE LT ENEMETHY, MhELF—T 3
vEET, ENMMTHB%L X3 5. i
IPAP Z#BifSICHIIME €5 2V BNETH L. ifFh
Tid RIG (radiologically inserted gastrostomy) #%
HILSNTHDBD?, RETORBAII V. Ih
&, BRAREL M- LEROFEIY, 35512
fafr& Bbh s,

B. UNEUF—2aDEIFEH.

JNEY) TF—3a e REEREINHE €5%7 5
&, ALSIZBUIDUNE Y F— 3 Y OEKRNS
No%lhb, UNEYF—varddsk [H
%(mthm@JmAf@h,awxﬁ&%ﬁﬁ

HoTh, HEOHKETEE HAGBL, HEL
EHIEEDT L mxr%a;oa&%ufw<
Pk KT 2

B Raling iz, ALS O AR +4 7%
KRBT, KBIZL VI TDLEE2D, —
T, HEDHYTROHIICISREREGEEDO T
ML T, APy FR ADLIFESEETH 5.
ALS BB O KBS LB 2 iR &, EE) A
ELRHHENIREYGoTWA I L ASHSgE: ol
BTHL. oL EH T MAEbE D LEN
b5, BEFELE, BHIPETTHI000b5
T, BN — R E R O SLEE
AUV LB ERL. D, ADL
LT, HEEEEEIIBIT 2 ZEESEOFMZ T
Vv, REEMBITHF- 2y vary -Fhlh 57—
TRy Fo<vy b A2 RELT S,
YE MR 19 12 balanced  forearm orthosis (BFO)
RR=YTWATY) ¥ 735 % — (PSB) %,
MINBLL 2255 L TH, EALEROBHEDTT

o, FKOEZEOU N2 AL, HEETED
Mgz n, iﬁiﬁﬁﬁ@ﬂé‘iﬁf HHEATEO A
HANDL LN, BEREBRDZE A B2,

il [ Rl i A et 7 (ESLEES)Srmul (G o8 el
DYNEY Ay 7 EEEMPITY, B4 OHER
Tl &~ 8= DTS |

C. B - EFEMNIAI2a=F—2a L ORx

NPPV OHEfEA M L < 7% &, BRI TIEEE L 72 s TR PMET LT B &, FFHRICX
42(163) PR e e 12% - 8205 200 02 0!
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HOAIar—va rOREPKRTT S, F1LLUET
CEMEBGREBE I LIRS THDH. ALSY T

TP, L, 8, FEL gl -2 %EL,
F=2a—=NVORHE LY, BEEEEEEYEA
TAHZEMERENTOD, B ERLED, v
HnH PR TRTNETHL. W, B
WA & B P300, BMA LR EhTwh

EICEBEMRT ANRIET TR L, 1:'"‘.&%1%&@@?
%% CLADTDIT, T3 s — S a I R

LT LE2RH D

MSL&@WQ,mAﬂM
POBBNLE AR CH L0, BT LA
TR D B HAL . NPPY O35 AT 3% A
x'ftf)‘ﬁ}?ﬁ") 7z y), ERa "”/f A '}/L} z < {Tpoiz
D, EMTLZEHENELNML Lo SNTLS
ZEAS, BTEMBEIEAMC OIS B2 HND.

AV E T A

iz L, BIERE L o vl A A T T & 4
W) BRERE AT LI s o0 IR AR
THHEELHBH., TIOY L L, A4 v FIC

FAERMNII A=y —2a i HL <'"lﬂ¢L<7Z€
BH. TOMREAIE, A i kb33
=L a VIZEBT S S E RN C, TR,
B, KRR EERREMICEL 2L L) ko
F—Yar EIUN R, WL ERELEHD
HERRDES S, BHY lﬂ‘: YN A IR A
ALS 2%, S DE S TLS (totally locked-in state)
WXHE T 2 02 L9 ORI T Culond ™, 3k
B LII Ay —Ta s wivCr TS
, BE  RKIEOIRFET] S Dol 4 2

R Rt

D. DEYR—-p:1F+55707 - 770—-F&CBT
WO RWIRESHIS T 4 itk é LoC, ko
FTFAT - TTaA=FRHL " NN GF 4T
(narrative) LWEFESNIZ N (ST (7 Fq
A=) TYESNBAS, FIik e oA b —
U— k), TbBY% (event) WK1
HEOEMAEIN TS, I B L) 974
7. 77U T, HBUL S I WO A |

BMETHDOTIERL, WA Kor) 95 ¢ 7oy
%%g%e:#7%m§:y4% Loy 4. 754

<Y ThLETNRANBM ()95 1 koL
PRAR) A HEGHIC, AL T, RBEL, SRS
F LIRS DAL 2 A5, mfﬂ%(kﬁt
W, BSER B LN 2 e, FRERE
iﬁtﬁbﬂa%%%ﬁﬂunuku%JMN&ﬁﬂJ L
B EEARL LA NI ARBS 2N
W, BHRVWEAL Wil NEOEKRZ

¥ IR GE O
FRR LW/ NCwITLE#2 5. ALSDE

NHEEKREH12%E - 252011 F2 A

By 7 Ciihbhba 087 7o —F1ik

7-?7m~%f% e
%Z TTU—FTHH, NTIPE v
5T tz@ﬁ&ﬁx DY, —DDFF5F4 T TL
W, TOWZFEEZLT, 9574 T
Kz 5T EPTENE, EMGTIEA < QOL TN
LB EEZDL.

- AR -3 i it S O -1 [l -0
(cognitive behavioural therapy: CBT) #W Y Ai
TWa, fTELVNVOREIL, BEORMMORE
WCHEOCE W) EZEZRARBERICELDCBT W,
a&%%ﬁﬁ&¢@t®®EQM@wi ATH

NN
ALS O 4 7 12

CMELBIRGEE, BBEEHS ORI
@k®%ﬁﬁ®mﬁrﬁﬁ LadhiddEaos

leh, BEBETEFRITEL X HIZIEERY
779 -F 55008 F747 77O —FT
HY Y, FeERL - ERICOBEAAT B JTE
2 CBT T 5 %, ARIZPMADE 2 F7Th 573,
MEED ALS 7y TICEMTH A

V. By 7 EHRT T
A BT THEOERBE LS

PWIRTIE ALSIEBA 7 7 REBRTH 5 2,
FHILALS BENEZL L TRAMELIEZHZ BN
LD rTELELYEV)ERTIE V. O
M 7THESIIEEICEBRTHL . BRIk b0 L
IPITIRERLHBEILL > TRELOTHY, AL
FEHR i s PEG & B3 - RKIEIC L » TRANC 2 5
b, BUNWATRZDEEZ DI LRI T T
&%.@ﬁﬁwawmrﬁﬂjﬁWﬂﬁ%ﬁlﬁ
MWED LN TWDEOTE RV, HRIKEE L BEIC
kofﬁ%zybm~w@tbkﬁyﬁﬁﬁmﬁ%
[%2F0 (palliation)) EIERDTHAH. ZOEKTIE
S T LR TR TH B " BE - FhEL
AEZRREL LD EIMATYS E &, #U%EHE
WaBIhw, KELELTWL., F0LE, B
FH o RKBOLOFTIEAKID D EboTEY, &
MELZOLNDLIENOREES R, "MEL
BRI T A TOB"DIFTH v BRI 2 -
TWIUE, IRl iL, 4RIEA TV B AITHT
T5 [Har] &5 e a5, BHNE AED
BT o TWD, £ b L [N LI
g hn] & f"( KRG E A A, AL
2R 2 2 VORI B OMETIE R (<, FA
HEREFLTCL I ESTITFE WL, Bl
LLA bR V] LI FTF 4 TICH
RICT »Tw (.
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B. REUF a7 L4 7 DEREM

A FaT AT Tid, EHNZERDRLTWS
P, BFETHLH. ANIBNOFEIHIHL LT, #
NEUEETIENLTHL, ACYFaTArrTE
&, K, EOL)RRATOLALSD [H%HEE
$ (Do not abandon life) J, [#%#H%E L (Affirm
life) | BOAELNL LI R—- T B5TO
HThbH, COEZHE, ¥EEOEYFZY A
T7—  RACADFEETHS P, Wk - L,
LD - B 7y 7TOZ ETHY, HikD
MAMmERZ T, NOLDPEALLEDS, o500
KEEICELETHS, LY IR T 7— K
AERATIERY, ENVZ)LN—L2IZF)RAIDE
BEOmMiG L +38 %2 B TnwWz, 240 & 5T
BAZRA - FYXPEALSRRATHE LLEEZS
BhébE, HiltHvrELL 205D
Ebo T wh, Bllliln ) 53 E 2 omikiz
LEbh® 1oid, S8y v Rz
bR{Th, ACVFaT7NrTIITELLAEY
boledrbThHDH. ANEPE UL TT 2 R0
WKIROONEEEZ LR O, ACYFaTALTT
BIELRFETLIENTEL, ZRIIRFOHRE
BWLBRABELTH AL, 755747 - 77u—F
DR ERIC L A LIRIEORBEL T H 5.

C. ALS F7iZ s DRREEL AN DXL
EAWFERERE NS [total painl &, B4
T T b b2 AN (holistic) o 7 IR T,
BARITBT ANy 7T 0RMGE, £ by ) 2}
T7 = RAYADBRIETHEY V) — Vv ¥—
ADPESTBIETH B P, BT T EE, REST
THRAGREDERTZ I ba -V L LS ETHDT
3% <, ZRCMIDZRAERT v b a—ib, BREELIS
OFEMEH O, H& CHYMEOMY, B
REDL DA ) F a7 ==X T 54 712
LoT, WAk EORRME BRI ANL LS
FTHETHA. EHOr THANEREOFH AR,
FIZHIFIL T 5B, 45 21013, ERARES
ZLFIETERVEMT 72 WA EZFidm .
TAETE, F¥HAF OREHRYE) # ALSD
FERAEFNZE D B2 DWW T OREL & T r 7D
MAABETHL P,
TAYHODEBMIZED L ALSHA KT 4 2
ALS DA A A FERZHEZEINL TR VA

34D

o IR R RO AL D, ALS
BELZREN Ay 7l hoTwaEE, £ U4

1 FEROBE b L. LaL, oo
Maid, 13&AE, HEFERLOM -t AR

Hedidyal
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05

R—=FRRIZEDHDO0E ., iz, MHREBERT
Ny ZHERIZ R B H DR E AL, T5hEEM
WA, TORMENTB L, BE - FHRITRLRK
A, mRE EDITEE T L EAORAMLAEE
W oTwa, HHIFN2 SEY Ry 795 bh 7
PolzlzdThY, BEWXIKLEZELTH F4HICE
HMBES T2 RET AL TEME LB
TRETHAB. LhL, COBTT7F—A3HhzR
ETVEPHEZBNIIL > THBY, MEORIZIE.
COEBREM B L2012, FERT Y ba—niz
DEOFEF A FPFIALOHERRE TS, o
ZHMMAE S, 72T H LI R EHT S
&, BIZHY A FORBZWMEBT A7k, M
FLBEPEOAZVWE By o hi-Bun Bz,
FIEENZ Y 71l oT, ESHICEBRICHRA D
REf/KBTH S,

TFTOEREDLEREC, LA A FIC
ZRbLT, HiOOELEOREYHEEL BT 5.
EILTH, AL FRMEIHAICE, 7y
AE LT, WREBEROFHARIZEL L FIDAK
HHZLEHOTBLIRETH L, EFHDOTH %K
AR TOBREOT TR, Ere s EHE
TR & T, ALSEZOEGTFHE L
AMETEEZONTVWBE P, —FT, HHETE
Ve zBE LT L, BIEMD S BRI
WABEICESL L, JIOBEREE LT, MR
DHERLHEMOMSSBE, NPPVICL A< X 7k
SRTELRL LD, HICESL, Tk, ELE R
TRBICEARIILTE RS2V, AELVERD
TV I NVIIIOMEEERNELE ALY LS
Wicw, ALSBEICH LEHIRETHEZwEN
FELEFHTHE ),

b OREBTIE, Falvo vy XY o
7 A =T, OAEERD SRR R &L £
BEGEI, AFA FRIKEFHATHB., —FT,
TR By 7 SN, RAREOD 0 ALS
B, WRBROFHH - AMEFICEDL ST, LR
BMERSETILDEDH-TL, FEL 4 PS5
BN T2 B AR PR R B KA IR T 5 2 &3 0,

V. EfE - BUFEEERL - S5MBES 7
ATEETTH I 7L AT PHtEHRE
TEALS 7 72179 72121k, ZIWA, FHkk,
EIMBRHER T a v, ALIS—BHEFF A LA
L, Wy 7T oRELY, YNEYHA, EHE -
TR O EERE TS (K1), B
R TR, BEEE B SRR & s )
2RI B, 40 B Ll BT T3 R Rk b )

B2 2011 42 )
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M B, BTN, WBERE, AN, 77 <R

Ty —, MSW, Rfgpioh ¢y — ¥y e 724l
HoTHH S, AN —HFER b I TEMAIC
7727 /7 l//7\ ’f"] {(3 ﬂ%i%/\'ﬁ é .7—-.._.‘5‘

OMTEIMER E E DA ED TAE (B) OoF
ElTHY, BE-FEIFOSVIEEZHEBIZ TA
) BREE] LWL HIENTAILETHS.
BE FEOSFLPEETLIL LG, BE X
Bk s [HoE] oBB2ETTLIIETER
<,%%-%##F”@twt&1#ﬁ6néiv

L, BB THLORBEWRDEL, IR
Dﬂb,zdLL“cwj‘é%B}JtLTm(_2:1&;7@.

AN, ERHBODIZEELOTIE R, FELw
Mo, KR NN P bEELDOTH S,
FAACIZERE BR2SH Y, ZA BT gt
BEWH LV W) F I T4 TIERILE &R
T, HAESESe S & A EROERIIL L PHLTH
B, TARERRL AN 2L THEENRIZO TR
, HETHWOPT, BLARLHNPEINE DN
ANEBDIENE WY XA BT ITATTTr T %179

B. L /N1 b ABRDOEK

EWM R L AN, B AL, ALSHEET 7 IR
KEEHCTHDH. LA PABHIEESALART
EENHEETHOHATH D, RFESEMIRED
NeRE, PN, ERRSEO NIRRT ¥ b o — )b
YL, FTRMERYKLIODIEA YT LA
EATD . BE - KRB IR D ORI E
WY, Hlhif L Cher 72 INLET 5.
L AISA b (respite) ABEa PRI CLT 9 BRI,
HMpra k& A LAWIS ENIRETCHh B,

C. EEZXETHIHEBENHHEK
EEEFERMEICILATL, KON ET,

REIELZ=HEIRDDIEDL b ) AT
27\, TIANLINW IS A % & R B ik

HELEL SN, LEECTHUANLICCL D
Rl (00 (101 A A B AT S Y A B O & VR WU 1 & l"x AK }’Il
SRR Oy AREAsul B4 Ok & S N

mifimuwﬁh&&nwmklMWMd*b

o TSI, ARCPIE SRS R0 i At
BEEE SIS e S oofl & A b a7 4 —
A MBI IS L aat i S oEES E

AT BIBAI 2 Cu L ALS O ABEETR R
PSS 2 D S O L E A AR 72

W FRAARX LN Ch b, BREERE— ﬂxﬁ
Mtk 4k H BB o 0 A e £, RMABRTE 5 X
AV B S AU L0y, R ESEE R TITL

H {EE 43

BE 128 82 2011 FE2 R

T TR WIS EAEEROREY 2, £
EHARDA T iz, HEAGE AR ®F vy F
K= VDRI Y B & Lo,

VI &8

IV F VAT ALS O RO L 7>
ALS BIREHITERE 7 v 77— (2009 4F) ' ClX
vy 7 Wik, NPPV, PEG, £HPMkMES 7o
b HHEHE LTHRINTA, —J7, Thb
PHEBEOFELT TIHHICEAIN T RN &8
MEBETHAE. ZOMEE LT, EfRUAEMORF
VRRPEZ OGNS, S50, REHMTZIIRNT S
B 7 bR —=THbFTITT 4T« TTu—F
F+AEREINRTEBLY, ZORRE LS, [HHE
HITEE T ANEOHE] ZERLI T TATE
TWRWIBEDE . ORI T TEE - Kk
DL, FHEREICENT A & CHEAERRBEL
TLESH. BEOEBROME L IARRML DD
o%l o TLEIDTHAH. ZOMFIEEL, &K
BTHMCHUSBE L -0T, 2L TWwWiET
NITFEWTH 5.
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Neuroethics and QOL Perspectives of Cybernics Technology
Enhancement or Palliation, towards Clinical Trial

Takashi Nakajima

Abstract. Medical applications of HAL are examined in their biomedical and ethical aspects.
Locating HAL in the historical perspective and the present applications of man-machine hybrid
technology to medical patients, I evaluate positive effects of HAL by examining a hypothesis
that “appropriate assist is able to protect degenerative muscles, to keep muscle function longer

and to prevent disused effect in healthier muscles.

Keywords Bioethics, Man-machine hybrid technology, HAL, QOL

1 Introduction

In the modern era, new technology expands to the extent of human biomedical function. It leads us
to the use of new devices by which human function can be appropriately enhanced and assisted
according to the user’s intention. It leads us to the extent that the user does not intend to use these
devices consciously. The hybrid system of wearable small computerized machines and man, has
started to change the meaning of robotics, assistive technology, and medical therapeutics.

A prototype of HAL (Hybrid Assistive Limb), HAL-1 was developed based on cybernics
technology in 1999.! The word, cybernics was coined from cybernetics, robotics, and informatics
by Yoshiaki Sankai. After the development of cybernics, HAL has come to refer to an intelligent
wearable robot that is able to estimate the wearer’s motion intention in real time. This is achieved
by means of measuring bioelectrical signals including the wearer’s surface EMG, joint angles, and
acceleration and force plate signals. Simultaneously HAL technology enhances the wearer’s limbs
movement with appropriate motor torque (Fig.1).> Its distinguished control mechanism consists of a
hybrid of both “cybernic voluntary control” which is based on wearer’s intention and “cybernic
autonomous control” which is based on machine internal estimation.>* Essentially HAL has an
internal feed-forward control mechanism according to the wearer’s intention. Limb movement,
assistive torque, and secondary responses, such as spinal reflex and wearer’s change of effort, are
suitably adjusted simultaneously.

! Okamura J, Tanaka H, Sankai Y, EMG-based Prototype Powered. Assistive System for Walking Aid,
ASIAAR'99.1999:229-234.

? Suzuki K, Mito G, Kawamoto H, Hasegawa Y, Sankai Y, Intention-based walking support for paraplegia
patients with Robot Suit HAL, Advanced Robotics 2007, 21(29):1441-1469.

* Hayashi T, Kawamoto H, Sankai Y: Control Method of Robot Suit HAL working as Operator's Muscle using
Biological and Dynamical Information. In IEEE/RSJ International Conference on Intelligent Robots and
Systems (IROS 2005): Aug 2-6 2005; 2005:3455-3460

— 212 —



T. Nakajima

Fig. 1. HAL-5 supports the whole-body motion. Fig. 2. The Assyrian Lamassu at the Oriental
A 20-kg load is carried on a single arm (2005) > Institute Museum of the University of Chicago.
http://en.wikipedia.org/wiki/Lamassu

In the context of HAL technology, the word “hybrid” also has another meaning referring to a
self-regulating human-machine system such as a cybernetic organism or cyborg* HAL can be
categorized as both 1) a product of human enhancement technology for living and working in the
extraordinary environments, and as 2) human assistive technology for better quality of lives for
handicapped people.

In this article, the applications of HAL medical technologies are examined from biomedical and
ethical perspectives. There will be many possible medical applications of a variety of HAL models
including single leg models, upper limbs models, hand models, and biped models. Prior to using
HAL models for medical applications, clinical trials are necessary. Clinical trials will significantly
prove the efficacy and safety of the technology for potential patients.

Reviewing analogical stories or images of human-machine hybrids in history seems of great
importance in order to conduct better clinical trials and to estimate HAL technology’s efficacy in
terms of Quality of life (QOL) measurement and other psycho-social effects in individuals and
society.

2 Historical Perspectives of Man-machine Hybrid Technology

2.1  Assyrian Shedu

In the concept of a man-other beings hybrid that is analogous to HAL, the protective goddess
Lamassu Assyrian Shedu (the late 8th century BC), is the oldest in history (Fig. 2). She has a
human’s head, an eagle’s wings, a bull’s legs, and a lion’s body. Those components make the most

4 Clynes ME, Kline NS: Cyborgs and Space. Astronautics 1960(September):29-33.
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Fig. 3. Daedalus and Icarus in the Greek Fig. 4. The cover page of the Istissue of
myths (Relief in the Villa Albani in Rome). Transhumanism magazine.
http://en.wikipedia.org/wiki/File:Daedalus_ http://hplusmagazine.com/magazine/

und_Ikarus_MK1888.png

intellectual and physically strong servant goddess. She is often represented as a standing figure at
the entrance of the throne room that introduces guests to another superior god. You can see this
figure in famous museums around the world. This imaginary animal-human hybrid might have been
made in response to the fundamental human desire to protect the beloved people, their property and
culture.

2.2 Daedalus and Icarus in the Greek Myths

A second example is shown in the Greek mythology (Fig.3). The first innovative engineer Daedalus,
built the labyrinth of Crete Islands in the Mediterranean Sea. When his son Icarus and he needed to
flee from the labyrinth, he constructed wings made of wax and bird feathers. According to this
Greek myth, Daedalus told Icarus not to fly high near the sun, as this would melt his waxed feather
wings, causing him to fall down into the sea. However Icarus forgot his father’s words, as flying
high near the sun was easy and fun. As a consequence of these actions he fell into the sea and died.

What this Greek myth teaches us is the dualism in technology. People must consider these dual
effects both before and also after the development of a machine. Enhancement biotechnology mi ght
also lead us towards danger. Although when used appropriately, like keeping Daedalus’ words, the
technology should be harmless.

2.3  Dreams of Euphenics and Transhumanism

A good example of the dualism of technology and science is observed in a new euphenics
movement®. Euphenics looks useful for humankind; however it still has a danger of genetic

5 Lederberg J: Molecular biology, eugenics and euphenics. Nature 1963, 198:428-429.
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discrimination and racism such as that which was evident in the NAZI era. Transhumanism has
been loosely defined® as follows: “it holds that current human nature is improvable through the use
of applied science and other rational methods, which may make it possible to increase human
health-span, extend our intellectual and physical capacities, and give us increased control over our
own mental states and moods” (Fig.4). The final goal of the transhumanist is cause for concern
because a man with enhanced intellectual and physical capacities may find it easy to control and
rule ordinary inferior humankind. Moreover, transhumanists might find it difficult to pursue their
personal happiness and to attain enlightenment.

If transhumanism technology can be utilized for improving patients’ capability with intractable
and incurable disease, the purpose of its technology will become completely different. Such
enhancement technology can enable patients to survive longer and become much happier as well. If
the patients are able to live a contented life in the community, using man-machine hybrid
technology, the purpose of the technology can be beneficial. In this instance we do not have to think
that human nature, which is transcendently given, has been changed by biotechnology. We can think
that every lifeform including humankind is able to change itself dynamically in nature. The goal is
not to restore a patient to their previous form, rather to provide assistive technology to enable them
to live a contented life.

24  American President’s Council Report on Bioethics in 2003

“Beyond Therapy: Biotechnology and the Pursuit of Happiness” was written in 2003 as a report of
the President’s Council on Bioethics.” In the report, "Beyond Therapy" biotechnologies were
discussed for a variety of aims, including having better children, superior performance, ageless
bodies and happy souls Man-machine hybrid technology might be also be considered as a kind of
“beyond therapy”, an enhancement and desire-driven therapy in their context. However if this
technology is used not as therapy, but used for palliation and rehabilitation, it is feasible that the
patients with intractable/incurable disease can be assisted in being self-affirmative. Moreover, they
can be assisted in adapting to their environment, even if the patients are not able to be restored to
“normal”.

2.5  Is a Man-ventilator Hybrid Merely Life-prolonging Treatment or Palliation/Rehabilitation?

Amyotrophic lateral sclerosis (ALS) is a pan-ethnic progressive neuromuscular disease caused by
the degeneration of motor neurons that control voluntary muscle movement, swallowing and
respiration. Two per 100,000 of the population develop ALS each year. The patients will finally
lose all the voluntary movements except for the eyes. Sooner or later they will need to use a
ventilator to avoid hypoxemia induced by respiratory failure following respiratory muscle atrophy.
There is a lot of confusion in caring for ALS around the world, although standard care for the

¢ Bostrom N: In defense of posthuman dignity. Bioethics 2005, 19(3):202-214.
7 Beyond Therapy: Biotechnology and the Pursuit of Happiness
http://bioethics.georgetown.edu/pebe/reports/beyondtherapy/index.html
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Kaplan-Meier survival curve

TPPV(+): mean survivit
90.2 months, n=6

survival rate %

PRV} mean survival
2.6 months n=49

survival months

Fig.5. Survival curve of ALS patients (Japanese data)'” Fig. 6. Very nice facial appearance of
the ALS patient living with ventilator
machine.'”

patients with ALS has been published ®® In the Japanese Nanbyo (intractable / rare diseases) care
system, approximately 15% of ALS patients choose tracheostomy positive pressure ventilation:
TPPV."” Most patients usually start with non-invasive positive pressure ventilation: NPPV. NPPV
cannot be continued long-term because glottic dysfunction always induces the obstruction of the air
way with sputum.

In Fig. 5 our data shows that TPPV prolongs life for 4 years longer than non TPPV does. In
general, people consider successful treatment to be treatment which restores a patient to their former
state. Treatment which cannot achieve this goal, may be considered less successful or even
worthless. In the perspective of palliative care and the Japanese ‘Nanbyo’ care system, if the
patient cannot be restored to their former state by treatment, the goal of care is thought of differently.
The goal of the care is thought of in terms that the patient with incurable disease identifies himself
against in his new internal environment.

In the case of ALS, respiratory care including NPPV and TPPV prevents hypoxemia in patients.
Hypoxemia induces secondary failure of many organs including skeletal muscles, respiratory
muscles, the gastrointestinal system, the spinal cord and the brain. Prevention of hypoxemia might
reduce the speed of the degeneration process of motor neurons. In addition to these life-saving
benefits, the clinical data showed that ventilator support makes the patient happy (Fi g.6).

8 Miller RG, Jackson CE, Kasarskis El, England JD, Forshew D, Johnston W, Kalra S, Katz JS, Mitsumoto H,
Rosenfeld J ef al: Practice parameter update: The care of the patient with amyotrophic lateral sclerosis: drug,
nutritional, and respiratory therapies (an evidence-based review): report of the Quality Standards
Subcommittee of the American Academy of Neurology. Neurology 2009, 73(15):1218-1226.

° Miller RG, Jackson CE, Kasarskis EJ, England JD, Forshew D, Johnston W, Kalra S, Katz JS, Mitsumoto H,
Rosenfeld J et al: Practice parameter update: The care of the patient with amyotrophic lateral sclerosis:
multidisciplinary care, symptom management, and cognitive/behavioral impairment (an evidence-based
review): report of the Quality Standards Subcommittee of the American Academy of Neurology. Neurology
2009, 73(15):1227-1233.

19 Nakajima T: Individual ALS care in the Japanese ‘Nanbyo' care model comparison with palliative care
approaches in achieving best Quality of Life. Amyotrophic Lateral Sclerosis 2006(7 ):45-47.
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3 Our Hypothesis towards Clinical Trials of HAL

3.1 HAL vs.BLEEX

As present there exists two completely different wearable robot models, the Berkeley lower
extremity exoskeleton (BLEEX) and HAL. BLEEX is a human exoskeleton robot, which looks
similar in appearance to HAL. The wearer of BLEEX can carry the payload easily because BLEEX
supports its own weight and an external payload. The main application of BLEEX technology is
likely to be in the enhancement of human motor function in extraordinary environments. It is easily
applied to military purpose as well. In contrast, the main target of HAL is to improve people’s life,
especially in medical and welfare fields. The design of HAL is intended for both carers and patients.
With these users in mind, HAL technology requires more research on safety and efficacy.

3.2 Our Hypothesis of Medical Application of HAL

Our likely hypothesis is that “appropriate assistance is able to protect degenerative muscles, to keep
muscle function longer and to prevent disused effect in healthier muscles”. In neuromuscular
diseases, heterogeneity of muscle degeneration can be observed. Severely damaged muscles need to
rest. In contrast, moderately affected muscles need assistance and healthier muscles need exercise.
In Fig 7, muscle X-ray CT of the patient with Duchenne muscular dystrophy shows heterogeneity of
affected muscles. If our hypothesis is correct, when the patient with neuromuscular disease wears
HAL intermittently, severely damaged muscles can be protected and moderately affected muscles
can be assisted. The additional benefit of this is that natural disease progression speed may be
reduced. We can expect such disease modifying effects of HAL in patients with neuromuscular
disease. HAL medical use could reduce the speed of declining muscle strength and disease
progression. We must prove this hypothesis in future clinical trials.

Femur  Quadricepsgroup T8 ypiaicane M.
/f

Fibula
e

Sartorius M.
Ant,

Gracilis M . '{
; lateral

Adductor longus m, /

Adductor magnus m. Hamstrings GastrocumemiusM.  Soleus M.

Fig. 7. X-ray CT of DMD patient at age 9 shows heterogeneous severity of affected muscle fibres
in lower extremity. Hypodensity in muscle fibres shows fatty degeneration. Some muscle fibres
including Sartorius, Gracilis, Gastrocunemius and Soleus M. are hypertrophic.
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Preliminary studies in the University of Tsukuba and CYBERDYNE Inc. showed that a single
leg HAL model may reduce the period of recovery for stroke patients in the acute phase. In the
report a single leg HAL model for a patient with post-polio syndrome also compensates his leg
function."-'* Theoretically speaking, combination therapy with both intermittent HAL wearing and
gene therapy such as exon skipping, that is planned in the near future, may have more efficacies in
the Duchenne muscular dystrophy. Wearing HAL may augment the efficacy of commercially
available enzyme replacement therapy (ERT) in the late onset of Pompe disease. Moreover, muscle
decline speed might be alleviated by intermittent wearing of HAL in the neurogenic muscular
diseases, including spinal muscular atrophy (SMA), spino-bulbar muscular atrophy (SBMA),
amyotrophic lateral sclerosis (ALS), and Charcot-Marie-Tooth disease (CMT) as well. We are now
starting to prepare for the clinical trials of the above diseases to prove the hypothesis.

3.3  Issues on Quality of Life and Patient Reported Outcomes

When we undergo clinical trials of HAL, issues on Quality of Life and patient reported outcomes
(PRO) must be considered of great importance. When the WHOQOL scale was constructed to
assess better health care intervention by the WHOQOL study group,” they summarized: “Quality
of Life has been defined by the World Health Organization as an individual’s perception of their
position in life in the context of the culture and value systems in which they live and in relation to
their goals, expectations, standards and concerns.” However, in the fields of health care and health
economics, there are tremendous misunderstandings in the concept of QOL. The main cause of the
misunderstandings is that QOL is thought to be an indicator of humanity in their view. According to
this misunderstanding, lower QOL means less humanity, that is, a patient living permanently with
low QOL state does not have humanity. Loss of humanity or concept of normal human life could
potentially lead patients to voluntary euthanasia or “dying with dignity”. The question is raised,
“Would you like to live longer, even if your QOL is the lowest?” People think the lowest QOL is a
fixed value. Primarily, QOL is not a real entity, but an individual concept in mind (construct).
Logically speaking, lower QOL perception of any patient can be changed by appropriate
interventions if these can be provided properly.

To avoid the misunderstanding of QOL, the phrase, patient reported outcomes (PRO) has been
recently used frequently in clinical trials instead of QOL." The schedule for the evaluation of
individual Quality of Life: SEIQoL, is the best representative of the instruments available for
measuring PRO. SEIQoL also has a direct weighting version, SEIQoL-DW. In SEIQoL-DW,

! Kawamoto H, Taal S, Niniss H, Hayashi T, Kamibayashi K, Eguchi K, Sankai Y: Voluntary motion support
control of Robot Suit HAL triggered by bioelectrical signal for hemiplegia. Conf Proc IEEE Eng Med Biol Soc
2010, 1:462-466.

12 Shingu M, Eguchi K, Sankai Y: Substitution of motor function of polio survivors who have Permanent
Paralysis of Limbs by using Cybernic Voluntary Control. In International conference on Robotics and
Biomimetics: December 19 -23 2009; Guilin,China; 2009:504-509.

1 Billington R: WHOQOL Annotated Bibliography. Edited by Department of Mental Health WHO. Geneva;
1999.

' Ring L, Hofer S, Heuston F, Harris D, O'Boyle CA: Response shift masks the treatment impact on patient
reported outcomes (PROs): the example of individual quality of life in edentulous patients. Health Qual Life
Outcomes 2005, 3:55.
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respondents were first asked to nominate and describe the 5 areas of their lives (cues) that they
consider to be the most important for their QOL. They were then asked to rate their current level of
satisfaction/functioning on each cue. Finally, they were requested to indicate the relative importance
of each cue. Calculations made from this data produced the SEIQOL Index. The SEIQOL Index
score ranged from 0-100, where a higher score indicates better QOL.

In SEIQoL, QOL judgment is constructed from the assessment of functioning/satisfaction in
individually important life domains and QOL is evaluated against ones own individual yardstick.
Man is always interacting with his environment and self-evaluation such as his own QOL judgment
is changing at the same time. Man-machine hybrid technology can be assessed in clinical trials
using the SEIQoL perspective.

4 Conclusion

Robot Suit HAL has been developed on the basis of Cybernics, man-machine hybrid technology. In
this article, perspectives of HAL medical applications are reviewed in the historical and
philosophical standpoints which can overcome the previous arguments of euphenics and
transhumanism. Every lifeform including humankind has the capability to change itself dynamically.
When humankind applies HAL technology to patients with intractable and incurable disease, such
application sounds appropriate even if the technology changes us. We will plan to conduct clinical
trials to prove the hypothesis: “appropriate assistance is able to protect degenerative muscles, to
keep muscle function longer and to prevent disused effect in healthier muscles.” In this article, the
misunderstandings of the QOL concept are discussed and methods to estimate clinically efficacy
using QOL/PRO are also examined.
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Abstract

Many types of spinocerebellar ataxias (SCAs) manifest as progressive disorders with cerebellar involvement. SCA type 27
(SCA27) is a rare type of SCA caused by mutations in the fibroblast growth factor 14 gene (FGFI4). FGFI4 disruption caused
by a de novo reciprocal chromosomal translocation between chromosomes 13 and 21 was identified in a patient with the phenotype
of paroxysmal non-kinesigenic dyskinesia (PNKD). This indicated genetic heterogeneity of PNKD, since 60% of the patients with
PNKD exhibit mutations in another gene responsible for PNKD, the myofibrillogenesis regulator 1 gene (MR-1). We hypothesized
that the remaining 40% of patients with PNKD may have FGFI4 mutations; therefore, the nucleotide sequences of MR-I and
FGFI4 were analyzed in another six patients with PNKD, but no nucleotide alterations were observed in these genes for these
patients. Further studies should be conducted on the phenotypic heterogeneity of FGFI4 mutations and/or haploinsufficiency in
SCA27 and PNKD.
© 2011 Published by Elsevier B.V. on behalf of The Japanese Society of Child Neurology.

1. Introduction (nystagmus and hypermetria/hypometria of saccades)

[1]. SCAs exhibit genetic heterogeneity, and at least 29

Spinocerebellar ataxias (SCAs) are progressive disor-
ders that manifest as cerebellar symptoms such as gait
ataxia, stance ataxia, dysmetria and/or kinetic tremor
in all four limbs, as well as oculomotor deficits

* Corresponding author. Address: Tokyo Women’s Medical Univer-
sity Institute for Integrated Medical Sciences, 8-1 Kawada-cho,
Shinjuku-ward, Tokyo 162-8666, Japan. Tel.. +81 3 3353
8111x24013; fax: +81 3 5269 7667.

E-mail address: toshiyuki.yamamoto@twmu.ac.jp (T. Yamamoto).

types of SCAs have been recognized to date [2]. Most
of the subtypes show autosomal dominant traits, while
some show anticipation due to triplet repeats. Therefore,
onset age depends not only on the genetic subtypes but
also on the mutation types. Since SCAs cannot be diag-
nosed solely on the basis of clinical evaluation, knowl-
edge of the family history is very important for
diagnosis of SCAs. However, if the patient is a small
child with negative family history, it is extremely difficult
to arrive at a final diagnosis.

0387-7604/$ - see front matter © 2011 Published by Elsevier B.V. on behalf of The Japanese Society of Child Neurology.
doi:10.1016/j.braindev.2011.04.014
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Table 1

Summary of FISH analyses.

Band BAC probe Start End Result

13q14.11 RP11-1318 41,402,236 41,593,291 Marker

13g33.1 RP11-180C7 101,579,849 101,742,909 Normal
RP11-230010 101,668,810 101,837,797 Disruption Covering FGF14
RP11-1005B17 101,752,504 101,933,396 Translocation
RP11-46110 101,854,462 102,028,883 Translocation
RPI11-29B2 102,007,252 102,165,732 Translocation
RP11-2L10 102,337,773 102,514,754 Translocation

13934 RP11-569D9 113,930,807 114,103,243 Translocation

21g22.12 RP11-272A3 34,768,332 34,953,503 Marker

21q22.13 RP11-105024 37,717,328 37,872,927 Marker

21g22.3 RP11-34P17 46,391,180 46,582,695 Disruption
RPI11-71A7 46,607,929 46,756,333 Translocation
RP11-433E24 46,717,198 46,912,065 Translocation

Genome location corresponds to the March 2006 human reference sequence (NCBI Build 36).

Fig. 1. Cytogenetic investigations for the breakpoints. (A) The one of the split signals of RP11-230010 covering FGFI4 were identified on
chromosome 21 (arrow). (B) The additional signals of RP11-34P17 located on 21q22.3 were identified on chromosome 13 (arrow).

We recently encountered a child who had paroxysmal
non-kinesigenic dyskinesia (PNKD, MIM #118800) and
exhibited a de novo reciprocal chromosomal transloca-
tion that caused a disruption in the fibroblast growth
factor 14 gene (FGFI4) responsible for SCA type 27
(SCA27, MIM #609307). In this study, we analyzed
the responsible genes for PNKD including FGFI4 in
other patients after obtaining permission from the ethi-
cal committee of our institution.

2. Case report

We encountered a boy (age, 3 years 9 months) who
was referred to our institution for medical examination.
He was born at 40 weeks of gestation, with a birth
weight of 3370 g (75th-90th centile), height of 51 cm
(75th-90th centile), and a head circumference of
32.5cm (10th-25th centile). He underwent uneventful
development until he was 8 months old. At this age,
he started experiencing episodic attacks of muscle ato-
nus and upward turning of both eyes; these episodes
were triggered by intense crying and occurred several

times a week. These episodes were diagnosed as
breath-holding spells, and the patient underwent ther-
apy with valproic acid and phenobarbital on increase
in the frequency of these episodes. When the patient
was admitted to the hospital, his stature was within nor-
mal limits for his age; his weight was 15.6 kg (50th~75th
centile), height was 99.5 cm (50th-75th centile), and
head circumference was 49.2 cm (25th-50th centile).
Intermediate time of episodes, he did not exhibit any
neurological symptoms except for hyperkinetic behav-
iors. Immediately after crying, the patient exhibited
involuntary gross movements of the extremities, associ-
ated with choreic movements of the head and truncus.
During these episodes, which usually lasted for approx-
imately 5 min, he was alert and could reply when his
name was called out. Laboratory tests, including routine
blood and urine tests; radiological tests, including brain
magnetic resonance imaging and magnetic resonance
angiography; and electroencephalography yielded
normal results. At the age of 6 years, the patient’s devel-
opment quotient was 67, as determined using the
Tanaka-Binet Scale of Psychological Development; this
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Fig. 2. Physical maps around the breakpoints of translocation. (A) Although RP11-230010 is disrupted, RP11-180C7 and RP11-1005B17 are not
disrupted. This indicates that the break point of this region is narrowed into 10-kb region covering FGFI4. (B) The disrupted BAC clone,
RP11-34P17, includes seven known genes. However, these seven genes do not show any functional relevance to the patient’s neurological findings.
Rectangles and pentagons indicate the locations of the BAC clones and the known genes, respectively. Italic symbols indicate the name of the genes.

value indicated mild mental retardation [3]. He gradu-
ated from a special educational school and is now 19
years old. Conventional chromosomal analysis detected
the presence of a reciprocal translocation with the
karyotype 46,XY,t(13;21)(q32;q22.3). Since his parents
showed normal karyotypes, the patient’s translocation
was considered as a de novo translocation.

Fluorescent in situ hybridization (FISH) analysis was
performed to investigate the breakpoints of the translo-
cation, according to a previously described method [4].
BAC clones used as the probes were selected from the
suspected breakpoints using UCSC genome browser
(http://www.genome.ucsc.edu) (Table 1). Although one
of the signals of RP11-230010 was split into chromo-
some 21 (Fig. 1A), the neighboring two BAC clones
were not disrupted. Thus, the breakpoint was narrowed
into 10-kb region of chr13:101,742,909-101,752,504
which disrupted FGFI4 (Fig. 2A). Similarly, the

breakpoint on chromosome 21 within the 21g22.3 band
was determined on the region of RP11-34P17 (Fig. 1B),
which included seven known genes with no functional
relevance to the patient’s neurological findings
(Fig. 2B). From these evidences, we concluded that the
phenotype observed in this patient could be attributable
to the breakage of FGFI4.

The myofibrillogenesis regulator 1 gene (MR-I) is
known to be responsible for PNKD [5]; therefore, we
analyzed the nucleotide sequences of MR- and FGFI4
for this patient by using the standard polymerase chain
reaction (PCR)-direct sequencing method with primers
designed wusing web-based PRIMER 3  software

(Supplementary Table S1), and there was no nucleotide
alteration in this patient. Then, we participated in the
cohort study using DNA samples obtained from the
other six children (two males and four females from five
families, age 3-16 years old) who were diagnosed as
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having PNKD based on the reported description [6].
The result showed no nucleotide alteration in MR-I
and FGFI4.

3. Discussion

Our patient started exhibiting episodic involuntary
movements when he was 8 months old. Because his con-
sciousness was not disturbed, these movements were con-
sidered as nonepileptic paroxysmal movements. Despite
the lack of a family history of PNKD, we considered his
clinical diagnosis as PNKD, which is an autosomal dom-
inant hereditary movement disorder exhibiting involun-
tary movements, including chorea, ballismus, and
dystonia with the onset age usually 1-12 years [7].

In this patient, a de novo reciprocal chromosomal
translocation between chromosomes 13 and 20 was
identified, and detailed cytogenetic analyses confirmed
a disruption in FGFI4, which is recognized as the cause
of SCA27, since two FGFI4 mutations have been
reported in large SCA families [8,9]. Therefore, the
genetic diagnosis of this patient was confirmed as
SCA27 not PNKD. It was hard to diagnose him as
SCAZ27 before the genetic diagnosis, because SCAs gen-
erally show wide spectrum of clinical phenotypes and
because this patient was a sporadic case and there was
no family history [1].

Previous study reported a daughter and her mother
who had the identical reciprocal translocation between
chromosomes 5 and 13 [10]. In the family, the break-
point on chromosome 13 disrupted FGFI4 same as
our patient. Although the mother exhibited mental
impairment and pes cavus, gait ataxia was observed only
when she closed her eyes; this indicated very mild cere-
bellar involvement. In contrast, the daughter began to
exhibit cerebellar dysfunctions with gait ataxia and tre-
mor since the first year of life. She also exhibited dyski-
netic jerky movements. These clinical features are
similar to those observed in our patient. This evidence
suggests that disruption or loss-of-function mutations
in FGFI14 may be responsible for SCA27 but the disease
penetrance would be less than 100%. In addition, pheno-
typic overlapping of PNKD and SCA27 is observed in
this family and our patient.

PNKD exhibits genetic heterogeneity, because
approximately 60% of patients with PNKD exhibit
MR-1 mutations [7], but the causative factors have not
yet been identified for the remaining 40% of patients with
PNKD. Therefore, we hypothesized that FGFI4 may be
responsible for the remaining 40% of patients with
PNKD and that this may be the reason of phenotypic

overlapping of PNKD and SCA27. Based on this hypoth-
esis, we analyzed the nucleotide sequences of MR-/ and
FGFI4 in six patients with PNKD, but there were no
mutations. This result may be attributable to the small
study population used in this study. Therefore, further
studies are required to prove our hypothesis.
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