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Abstract

This paper proposes a method to classify heart rate signal patterns
depending on the state of autonomic nervous activities utilizing a neu-
ral network, a three layer perceptron has been applied to power spec-
tra obtained from 14 normal subject with variety of conditions. The
neural network receives characteristic features of the power spectrum of
heart rate fluctuations for classifying them into four classes, i.e., control,
parasympathetic, sympathetic and both blockade. Correct classification
rate of 90% was achieved for the upright posture. For supine subjects,
the rate was 70% utilizing relative spectra. The method is promising for
automatic classification of the heart rate variability.
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KRS BT B HE/THERD—D, HAAHIRERITERDNIREREIZ A T
VWARRRTH D, FAROZE L IZBREE S LTIV TWS. TOH
R R R L RIREMAR L WS OO REWICHETIT 2@ 2R >
= AT LSS TED, SEETIET OBERMEONS V AHES B
PRRTIREIC A A Z T V5. THIEA kLAY EOFSHNZER, 18
MRty ¥ OB ERNWERSE T, H5E, HEV, MEXEFOREKRNHI S DT
A, BWENAEE TR, BENCEETHS DT> THRHF L
B BWHENE. Z 2 THEMROXEZZIT TWAHREIERL,
NS DOZEHH S HHEHROREEZHEE T HAENEZALNTNS.

ZOFED—DE L THHESD & BEHERDIREZHEE T 5 HIEMN
RFoN%. IHETRIMHEMET IV VAV E—T 21— ADFFRF
SAN—OFERETE & Vo A HEERZERILT 5 AE L LTHIGN
TWVW5. MEEE)ZE AV iz B RSB OHEE I IRFRTRIIC B 5 &
M & JEIRBGEEIC 81 BT KBS N 5. I %0028
BID AR bVIRHTIE B R OIEENREZ U EICHEE T 2 5%
ELTIEL WS TN S.

AT N IUIRKTIZHESR, 1981 4E Akserlod 51 &> THREE Nz LF,
HF SEWEIZEE UTHWOSNZHENZ W1 AR TR ZNICINA, MEZE
IR E N BEDNEMMEAARY MIVOETIRSICEE L, Z0OMHE
BAEMF & U, EfzEgousFEe LTHEEEc o
—iEEZHWTWS. ZUTHRDLF, HF {88 MF {81, = k
O V¥ —HEEE0EWER ROZOFHE%Z T 5/zd=a—F)Lxy b
J—xEA LTz



£1E BEMAELOBEZEH

1.1 BEEHRE

TR L I MR OE 212 K > THEODE L WB R 1T S B 215
U, RESITDIRGHEND. — DGR LI, filx & DBLO %
RN 5 7% B FHEB M O PSR 0 B B © THRE B, £5—o
ETRHARRE & PN, PR S U B EHRHED S BEE F D RIC 5
TE>TWVBEDT, FIEMRE & SO ZAESE X 27 5.

PRI B A AR & FEHRRIC AN T %, IR RIZHI
RABDEXIGHERHEL U BMEESICEBEE T 5. MEEEDHN
ANDORISERY —77 T, BEMBERIERONTRELZBZ 250 TH
%. EHERROHE, MR, W EORETETo TV 3.

BRI SRR L RISEMRR L 0 S VIS 32 2572
VAT LDEIEo TS, RIEAHRIIEREIC T U TAEEDETE, B
WHEZ ) B TN B &, BIBSEARRRITINES, 3975 & OMBEICEIR T 3.
B Z DI U TSR OTETNETETN U R L7258, DD 1
REEBD, BIREMRDOEINIER A DTS A%hR%2 & 1259 . L35
B U TSR MR OTEENE B I EE R 240 U, LRS- OREH 0 4y
KT & 8% —7 TRIREMROFEGERN DTS5 ADFRE G 7=
59. : :

1.2 IMEZEED

IR ENC MR ZE D R TOREEE>TVS. DIFEES
LETEFon, ERIGOE, TRIIOE LR, BCERICHTbhE
T 4 DOME, IBALE, EDE, ALE, EORTH5. HLEICIE
G & MEN 2 0EOME Y AL ERDS S A/ — FHFEL, TOR
FEETAN RN Z R & 8, FMEER T H 5 RKSH, FREE, b
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DY 7ZET 5.

gmm%muﬁémﬁniméhfkb BEREMAROIEEHT A, B
Bzl LEEIDEREC 2. EEE TRERMENMEN & & IR O
JESDRENRE L Ity | EEIRET & TRIRRBRHEDMEMNESIEEL K 5.
DX TGS EOHEZMALE) (HRV) LS.

BfE, T O HRV Zf#fT U T HEMROEHZHEE L T D, RO
& BB BN TORENMEEL TWS. HRV O 21T S B
%ﬁ@?—ﬁmﬁﬁ$7b&%;%@@uﬁl%mwk%ﬁ%ﬁﬁ

1.3 BRI
DER EIZEOESNIEBORTZ TS T DRICERT ST LT,
FITDEDORBICE T 2 BWRBBRIBIITHEDTHS. LDERIG P
I, QRS I, T D 3 DDUETE THERL E N, DR D ELHGRAN D2k
Wb > TV BERZEIRL TWVW5. ZOHMBMNLERKEZK 1.11C
Y.
COLERTHEENZBHOBC X0 DHEHONE#TS. B
e LTI DEDHENEESET S #iépﬁ%ﬂmbppﬁh%%
FHZAES OBV DIEH, PIRIZEMH/NE {, HIZFOREEZITRTV
7eh, oY RiEZ2#HH LT RR MR (RRI) DR %W%ﬂﬁ?%@#
—REETNTVS
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1.4 Berger &

OMHZE B 72 R C & 5 2 % LI OH ORI Z (L e Z 2 5
B. KO TANY MUK 217 5 1 BIINE 1B RR B 5 SHENIC 35
VI BB OEBUZHEE 95 T DV —TH % (2] Z Db DOHEE ik e L
T Berger 5 TH%.

Berger {13 1986 1F Berger HIC K > TR ENETHETH 5. m FH
DY TIVEDHR% hry, £ L, TWERDDZISDICm BHOY > T)L
Z2HLOE LT RTEN OOAE by 2 KRBT U 5 750,

JRIFTR LG BT > TV S LR OV TV EN RO F
&H O OHPHIC RIEDE =T 3% B IENDT h,y, DRSO DERIL S . )
FTRNIC RIGE— 705 25,50 (1.1) X, Z0EEE (1.2) RTRH 5
N5 K 120K 5 I0ER & RHREZ BT RS E0H D30
EEbNS.

a b

hi = — + — Ll
By dgay (L1)
(54
hj = E (12)
R TR RN DAL by & IR ) B2 T TS f, D
5(1L3) XTHYTIRD HR 2RO ENS.

Jr

f = h'm._ 1.3
w 5 (1.3)
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2.1 INT—ARYT FIbNA\DEH

DEXD RREFEH, S HR % Berger i & DRk 5. 20, V7
UV E R 3H: TUY > TIV U HR Z T OXWR LT 5.

7 —1) TEWOEKMEE

@256 FANIVIRE

@ N—TF—N—FvT

O ([E %L 8 MIFEFE

L, RT—ARY MVEREH UK.

2.2 fRRT—42

140D 195%H 5 38 ROKNBEZBERE & U, {IEAL (supine), 3L
(upright) DAY +O—)L7—42% 5 HHEOMMRE BT ZhThIE L.
Z D% propranolol, atropine &\ o Tz HV, T ZENRBMRED
ZWEIRS AR OIEE) 28 U, B, SLAi e e 5 iRz H 1
13 0RIINEE LTz, oW TRID YIRS T propranolol 25 UTzBRICiE
atropine %, atropine Z#5 U IzBRICIX propranolol 2125 U, 2 EMHRE
& BIRS AR 2 R IOEWT U2 81c DWW T, BN, 3Z261T 13 771, 5
NORIMEE DI TTF—22IE LTz, U EOREZ[E—&MDE & T2
107z,

2.3 AN MIUT—74

2.1 15X 2.4 1CEH LI IHEHOFIARY MVERT. BRO
supine & upright ZIUE L7 2 B OF— 2D 5 BRiH & %EDF1%
ot DTH 5.



Power

Power

10" _
— supine |
10—.2 [T NG R Rt ol radi upﬁg]t "
107}
107"
107}
10‘6_2 et d ]
10 10 10 10
Frequency(Hz)
X 2.1: control ‘Y ARY )L
107

— supine
upright ||

.............
....
.......

10" 10’ 10’
Frequency(Hz)

2.2: propranolol *-¥J A7 k)b



Power

Frequency(Hz)

2.3: atropine I AXRY k)b

Power

10

10" 10
Frequency(Hz)

2.4: doubleblock AT kU

10



2.4 HEXFANXT bV

21~K24%BHRT B L, control & propranolol, % LT atropine &
doubleblock IE AT R IVDEDMGE > THNBDHGM 5. ZARY M LD
TEBMELE > TOIUEZ N2 SRR, RIS DR MM ER DS <
BAROHEEIINE L 5%, 2 THEIGEROOHARY ~vichn
AT, #ER IR control T— R BRI AR Y MVEBEH L TR
R (2.1) DK SICARY P JVOIST—EZFNT, control F—X ¢, L5
- JREET—Z (propranolol, atropine, doubleblock)p, D= & > T&E, 1H
RART MIVEEH LT,

Tn =. 1010910& (2-1)

Cn
2.5, B 2.6 ICHAGL T & DMK ARY MILERT. K4.1~K 4.4 FRE,
BRI L BEDFE R L 5728 DTH B,
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HIE AN MVEERICAWS
IEIRER

3.1 I bhOoE—%iEgE

ANT BPVDEN D ZRIREL LTI P a—iEEigw ZEA L
fo. T haE— L BEHTHERZENUZBICET 3 EHREDFEED
TETHYFHINFRTRE EHIN TS, HBHERD p(x) 7 & DR
EHX DEZSNIR, =V hoE—ig, t(3 1) TREN, COEH %
MR §5IX(DI/]~DP_ L,

—> " p(z)logp x) (3.1)

T b bEHER] \iﬁka&m&, IV b=k iEizEd. ok
WM SEZSNBERENSBRICKRDBZ T LATES.

CCTCHEMEIIEREXEIL LU0, FE3HEVTERLEZED L
EELTWS. BIAE nFAOEERND 21, B 1 OMRDS p(1) FE&Th
TR —logp(1), WEEUE np(1) 720, ZDMEREIF —np(1)logp(1)
5%, TDOEIICEZS L 2RDOERBRISEREDSI X0, 70D
2EOMREZ n THZ T LICK D EEOERE, T M a—50»E5
ns. :
DEVIVIOE—HEHIFL G b O—HE W = exp(H) & L
T%?CKE%LP.&oTIVFUE—%ﬁ@mﬁ@mE;DE%T
x5,

W = exp(— Zp )logp(k)) : (3:2)

@mfﬁX«ﬁb»khmfl/but—mﬁuum®aiﬁ%ﬁb
BT ENTES. TOMICERERICHE N THERD HRY f@iigicTy
FaO—5EE LTHWOS N TWAIFES H 3.
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3.2 EEMEEEIE

JEE BRI 38U B DA AR Y N IVERITIC 381 B EZI ek, 1981
1 Akserlod S5IC K> TEASNZLF, HF, LF/HF DR FEED &
LTHISNTWS. DHEEFART MUVCHEWT, 0.15Hz ZEICZN XD
(K& %2 LF(LowFrequency), ZNX D &A% HF (HighFrequency)
EFEATWS . LF EAIEAE & BIAEARE, ISR, HF IR
BHRICIREL TR T Do TS, ART MVIEBW T HF B ER
LT3 LRRRBEMEDERICEHL, DED YTy I ALTBIRETH ST

MO, LF D ER U T2 EREMEDNERICE S, DEVBELT
LIRETH B DD h%B. LU LF BEIRZBHZICHKELTED,
LF 2 ClIE A REMR OB L SV Tz\Wze, LF/HF %y
TREMREOREL LTW5. Ko T LF R OBHRIEE HF X

RIS REAREIEAE, LF/HF 3 IEEA BRI L TN T 5.

C ChIEDTY O —HIEIERER U XY R Z—
IZ X BIEEAY 2005 EEARSIC K > TIREI N3] KR T LF, HF,
LF/HF #8525 LF 85 % 015Hz AT, HF #53% 0.15Hz DLk, 24k
7 LEE7e HE 0 DEFHTD 3 DZWMRE LTIy ha¥—if
WiEOEN L Ule. LF 97, HF §97, 2Ffoso> o t—*‘*h‘-;ﬁrllmc;t

FTNENWLF, WHF, W %3 C c‘: L9%.

3.3 MEZEHERLEER

2 ETHMNTZD control & propranolol D.OHAEFD AT N IVDIE
BELESTED, 7ENHLV. 7ZHK 2.1 &K 2.2 ZREANRS & upright
FRAE Tldd 5 HY, (KEIKRFEEL T control I3 o T propranolol 1idixu /8
T —EOHT (K 3.1) BRENS. DF D EMBEOHEIcK->THEL S
Zlbe W 2 kicks 7, MEDEIC K> THESNZROTHB &
HEJTE B,

FE & DGR BRI B D | B8NS Tz 72 { & ARE L T 553
Bl EEIC O A TOAHEZRIR U, EIRRZ & ik h
CTVWVEGEERMEED TS L5 1> TW3. TDXK I mDEDNZE(L
BRHICRREMRIC K> TEEIN TV S, EMmBEOIGEPIEL B L
THEY, RIFARENER T 5 L O0EHEMNEN L, SREME NG5 T
& TIEZ LW 5. SRR 5HEE S 5 L0 AHED A U, F
Th3 X515,
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DK DA T DFVREICE L B> TV B T8, T D%
L7eZZ W & EZ TN X B etk b, Sz o
M HHLT 0.04H2~0.11H 2 &Rk, [MTFZABD IR E N7z k5>
MW SA(Mayer Wave related Sinus Arrhythmia) HSIGEHEETERE M F
Ll FrhicT Yy buU—HikiE 2 Uz iitie WM EF LR d
kLT B,

*—ﬁ@]ﬁk’b\ —— supine |
= e Gk SR N SR R (O S upl’lght 1

Power

107 10™ 10° 10'
Frequency(Hz)

X 3.1: control IC351) % IMTZ8 G s I X 7= 22 Bl o)
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FTaTF Za—JIbxyv bT7—5

4.1 Za—3IbxRy bT—9 DR

IR 12 72 D HER TIRMEIC & 3 High SIREN R =TS
FiEDRH S, EHREETRSIRERLONEZ —EIiTSHETE 4
V. ZOSFNSE—EBICOET S0 AELLTZa—II)bxw b
T—7 V0o EEEEA LT

Za—2)bxRy b U= 3EYOMERORHEIIAHEBICEE LTZED
EFULEIToREDTHS. EYOMRREIZHD= 12— (neuron)
DNEHICHES SN, ThZ DS ZIT>oTWVWS. F=a—av 0D
RENEHGEIZ AT 6T T D B RERZEE (dendrite), 15T T 2R
(azon), 75 5 CICAIKDHIFAA (soma) MHKDIL> TV, F=a—0O
VDI FIE ST T X (synapse) ZiB L= 2—0 VAL TEXES DR O E
DT> TWVW5B. U FTAEED IFHD S bEEWESF TR EeMEINS -
LD, ANESMIMZ NS T Lic k> THIFIAROEMOEMND LR
L, B3 LEWVHEABZ S = a—OYHHRA LIZEZE U T/ UV ADME
b= 2 —a i HligE RIFT .

TOXS K= a—0 Y DIEFRIFICE D% 19434, McCulloch — Pitts
KXo TZa—uaryEFNHK (4.1) TRES .

gi(m 4+ 1) = F[3_ wijyi(m) — 6] (4.1)

CTTENENyY; E=a—n Vi hb0EE, w;ld=a—ay i b
Za—OYViNOFEEHEE, WhDAER, 0; =2 —1aYi DUEVME,
ZUTFX]iEX A0 RIGETNE L, ZUATNIZ0 & 7% 2 FEEREE
ERLTWVWS. COETLVRREZ = 2—arhSizboBREEOAN
BHIN—EDLEWVMHICET B3 a—n YA lET S 2T, <D
HRZRTETEK41DE SIS,
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wim) [ |
yy(m) |
¥3(m)

yi(m)

X 4.1: —a—ayEF)

FIXD IS BRI O 5 NTW BB TR (4.2) TEX
N3 L5152 7EA REEORIIE W3 C LAZ

1

Fla) = 1 + exp(—x)

—a—=Z)Axy FI=JRTOANO=2a—B Y20 OMEET BT L

TR T ENTES. A=y b5y M ETRTIES DI

FMOENTOVAEEMGE= 2 —F )Ly NT—ZEF)L (fully connected

neural network model), X 4.2 DGR RANCIA S DN TN S . [HOX

DD Z KRBT T ORI CIRD B T LN TES. T

TN TRIED BT 5 1 IEER w;; 2RI 3T T % 585
H%.

(4.2)
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=
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4.2 FH LM

Za—I)bxy FT—=7 3R K-> THIBEZ MG L, IEL W Z ]
JTENTES. TTTWVHHH CIFHH L9 5 )iz L, 92
HHENB LRI Z T ETEDEZTEBRIINELTEHEIICTE
HOHEAELET BT ETITH T EMNTES. THWVSTI AR L2 AINSD
0 22¥ (supervised learning) EWES. Tz TN & IEHNC A EAEZ & 5
NI LTI < AiliZe U2 (unsupervised learning) O K 9 75
BWhHiELH 5.

T D, *ZEBM & 752 AT L % ) 2 i Y 7o - Ty s
LEDTHNIFFEOH N EDAFIONELEBZLHICTETVS. £
THIRET & DRPUTHY) 7R AR 289 T LT E B 78, fkiaHih
WKL TV 5.
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4.3 WEREGREE

HBOMEZEEL TV Ei5hEe LTRBIEHEINTOBDH, 1986
4EIC Rumelhart 512 & > THREE NI (Back Propagation
EBUTBPE) EMENZ EDTHB. THUIERIS 4, & HEEDOH T
Yi(M) DIRFRFE B 2 BB E LTCThANE L EB LS IcEARE
ELTWT7IVIY XL TH S, FHERIR E 13K (4.3) 'cﬁf—_ﬁa% (N
EHABDI=y MR, M & M B#ET)

1 N
=3 > (wi(M) — d;)? (4.3)
=1
BAMNICIZ (4.4) O & 5 ISHHERIEE Zh Zh O ER RIS
TUSHFERE n ZHI 7L D5 C L THEHBDBERITS T EATE
3. (nF2EHERE)
dE
dw (m)

FERBIREVE, RIS O IEE < 75:%75‘%0) SRERIC I
%. R dfn) EHAEDN S ASTENE EDERD TN 7 VT XA

Ld’c’zo‘(lﬂ% tHF1E DR IE (4.5) H 5 R (4.7), HREEDRLS
161 (4.8) 5= (4.10) I TRDBEN B [4]

w '+ 1) = w1 (44)

dE _ 00 ,
dE dE () (M)
—_— = (1 — 4.6
deM) dy (M —an¥i ( ) (4.6)
() = g0 Y (4.7)
dw;; dz ,
dE Nfl i) dE (4 )
dy(m) P j dx l(m+1) :
dE  dE

g™ (1 - yi™) (4.9)

PEORNND

W @ 10
J
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ZTNThRFICHAVT WS, j, k 3FNZThHEIE (M &), M-1J3,
M-2FiDI=y " BRETZEDEEZ 3T L THADIEENEAC RS,
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B5E MEINTER

5.1 fRHIAR

= 0 —F )Ly hT—7 ZAWTANEBICIEET— 2 REET 2
C & TRIEEDFMEZITS . AR TIIAS, i, HAD 3@ 5523y
T =2 7% T supine, upright T &1 control, propranolol, atropine,
doubleblock DLREODFERITHICT L ZHEL TS, AU —2 LTI

FEWCWE LT —2DZ L BHW, HADBENICESL &S BP &
ZIEMNT 2. 208K, BRODT—XLBEELEEANSHAZHL, EL
IREDEDHIRTEZ D E S HTIERITS.

HI B SIRREIC S T B 72D 4D L3 3. FRARH /7 I3FAE & 3 2 108E
IKXHIETBEDE1, ZhNZO L L, ERIC=a—F)Vky hT—%
ZE U 7fR, 4 DD TRS 1IEWEZH S Ui OREERE S5 L
TR HET L LT B, —EDANICHVA5EIT, KigosEsr
R27-EEES HEEZVAARHAEDLETHEHAT S L L9 5. H
BUITERE D ATTRD 15X D B L 2RI L TN TV B, AN
BEO2DOEZRETSHT L LT 5. FFEIE 2 HEETY, 285
ko4 & LTz ~

5.2 feHIERRICKBHER

XS RICROIEETH S LF, HF, LF/HF IZiNZ, AR FLO#S
EOEGERBIeHIHEANEEE Ule. ANBD 4 DIz % it
ElE 6 D& Uiz, ZRNTIINE LTz T — 2 D5 b 1 Bh S s
10B/ETD 3/4 B2V, FUEICIITRD D 1/4 % Uiz, 7 O%EEHEE,
MR Z RN S 2 IR 5 1~F 5.4 1ITRT. TS R DR R
SRS DIREE, [T IIREOREZEZ L TV 3.

21



% 5.1: supine I} %228 %5 R

AN 533& LF HF LF/HF

FE3/4 |conlsw) |prolsw)  atsw)  |doulsw)
confsu) 100% 0.0% 0.0% 0.0%
prolsu) 100% 0.0% 0.0% 0.0%
atr{su) 0.0% 0.0% 90.0% 50.0%
doulsu) 11.1% 0.0% 22.2% 66 7%

& 5.2: supine I 35U 2 ATl

AR: B LFHF LF/HF

FE3/4 |con(sw)  |prolsw)  fatsw)  |doulsw)
con(sw) 100% 0.0% 0.0% 0.0%
prolsu) 100% 0.0% 0.0% 0.0%
atr(suw) 0.0% 0.0% 0.0% 100%
doulsu) 0.0% 0.0% 25.0% 75.0%

#* 5.3: upright IC 350} % AR 55

AD: BB LFHFLF/HF

FE3/4 |conlup)  |prolup  |atdup  |doulup
conlup) 84.2% 10.5% 0.0% 5.3%

rolup) 25.0% 50.0% 0.0% 25.0%
atlup) 0.0% 0.0% 14.3% 85.7%
doulup) 0.0% 5.3% 10.5% 84.2%

22




& 5.4: upright I 351 2 S S
AR BLLF HF.LF/HF
FE3/4 |conlup)  |polup  |atfup  ldou(up
conlup) 100% 0.0% 0.0% 0.0%
profup) 60.0% 0.0% 0.0% 40.0%
atl{up) 0.0% 0.0% 0.0% 100%
doulup) 0.0% 0.0% 0.0% 100%

AHilifS 2 % & control % doubleblock HY KT X2 TN B H propranolol
® atropine MR FITETOVERWVEIR E 5z, PR TERLT
R DU S PFUF KR TOIRWDSZ N & FERT & IE I RER AN,

2 BTN T MIRNTT— 21 control *® doubleblock 12 L, propranolol
X atropine ($ET — 2 DIEREH DI, Ko TEERICENELTS
ZH, S 4RO 7 — 2 82 R U T8 A DFSHRAH LT H .
TCTHET—2ITIIWIRE 1 BHDS OFKE 1 1 F, T — 2 L 0sER
HLOH/EL 2F/ENS 1 AFEMH L. bEIbE 1 0 %A MM b
L 7e DI atropine B propranolol & V) Wi JET — 2 VDI 1o 8 73 ik
ZHS BIcHTHD. FDOBROMERE K 5.5~% 5.8 1C/R17.

# 5.5: supine IC 351} % 2F 45 R
AR S ELLFHFLF/HF
¥E3/4 |conlsu) [prolsu)  |atdsw)  |dou(suw)
conlsw) 100% 0.0% 0.0% 0.0%
pro(sw) 71.4% 28.6% 0.0% 0.0%
ati(sw) 0.0% 0.0% 100% 0.0%
dou(sw) 22.2% 0.0% 55.6% 22.2%
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% 5.6: supine I 35U) % Gl S

AR BB LFHF LF/HF

FE3/4 [conlsw) |prolsu)  Jatrsw)  [doulsw)
conlsw) 100% 0.0% 0.0% 0.0%
prolsu) 100% 0.0% 0.0% 0.0%
atr{sw) 0.0% 0.0% 100% 0.0%
dou(sw) 0.0% 37.5% 25.0% 37.5%

& 5.7: upright I 81F % A EH5 R

AR BEELFHFLF/HF

FE3/4 |conlup  |polup  |atdup)  |douup)
conlup) 88 9% 11.1% 0.0% 0.0%
profup) 0.0% 100% 0.0% 0.0%
atr{up) 0.0% 0.0% 71.4% 28.6%
dou(up) 0.0% 22.2% 33.3% 44.4%

# 5.8: upright I 350) % Gl S

AR: S8R LF HF LF/HF

F23/4 |conlup)  |pofup  |atdup)  |doulup)
conlup) 100% 0.0% 0.0% 0.0%
prolup) 80.0% 20.0% 0.0% 0.0%
atr{up) 0.0% 0.0% 100% 0.0%
douup) 0.0% 0.0% 0.0% 100%
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TR R, FEAGAS S 2 7312 propranolol D FERIIFE P& 5 7t
MO, atropine DRFERNIKE L Mo fz, £ 5.7 75 Ewisi Ui cid
propranolol DIFIHRMNEG THE 5.8 DX 5 ICHHEFERTIIA X <K
IV RIS TWB 728 propranolol 253813 2 1132438 EHKIC SN B 2
EEZOBNS. LE BN atropine DHFX T B2 LS x5, Thn
DR 2R 2l U CRREZBEH L TWc L T 5.

5.3 MFEIEFWMFEBWER

FUEPEALT MEF & W MF ZHERISEE L B4 A SDETAN LT
W< ME & WMPF S upright \SBRE UTASEITH 2 728, T TOR
W upright ICBWT AIREDHIDTA 20 E S hERH LT,

2 5.9: upright IC351) 2 F w5 (AJ1:9718,LF HF MF ,WMF)
AR : 53 B LF HF MF.WMF

FE3/4 [con(up) [polup  latdup  ldouup)
con(up) 77.8% | 222% 0.0% 0.0%
profup) 25.0% 25_0% 0.0% 50.0%
atilup) 0.0% 0.0% 14.3% B85.7%
dou(up) 0.0% 0.0% 0.0% 100%

% 5.10: upright i< 351 % dHlASE (A J7: 08 LF, HF MF, WMF)
A BEELF HF MFWMF

FE3/4 [conlup  [polup  latdup  |dou(up
confup) B87.5% 12.5% 0.0% 0.0%
profup) 0.0% 100% 0.0% 0.0%
atr{up) 0.0% 0.0% 0.0% 100%
doulup) 0.0% 12.5% 0.0% 87.5%
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# 5.11: upright IC 81 % *2EHKR (A1 708 LF HF, LF /HF WMF)
AZ: LF HF LF/HF WMF

FE3/4 |conlup  |prolup  |atdup  |doulup)
conlup) 77.8% 22.2% 0.0% 0.0%
pro{up) 25.0% 62.5% 0.0% 12.5%
atrlup) 0.0% 0.0% 71.4% 2B8.6%
doulup) 0.0% 11.1% 33.3% 55.6%

& 5.12: upright I35 2 liks 9 (A J71:778% LF, HF ,LF /HF, WMF)
AF:LF HF LF/HF WMF

F83/4 [conlup  |prolup  |atdup)  |doulup
confup) 87.5% 12.5% 0.0% 0.0%
prolup) 20.0% 80.0% 0.0% 0.0%
atfup) 0.0% 0.0% 100% 0.0%
doulup) 12.5% 25.0% 0.0% 62 5%

# 5.13: upright (350 B AEKE (A )01 WLF, WHF WMF)
AR: S ERWLF WHF WMF

FE3/4 |conlup  |polup  [atdup  [doulup
conlup) 77.8% 22.2% 0.0% 0.0%
prolup) 25.0% 50.0% 0.0% 25.0%
ati{up) 14.3% 0.0% 42 9% 42.9%
dou(up) 0.0% 0.0% 22.2% 77.8%
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#& 5.14: upright I 350) 2 a5 5 (AJ71: 708 WLF, WHF , WMF)
AR 5B WLF WHF WMF

F83/4 [conlup)  [polup  |atfup  [doulup)
con(up) B87.5% | 12.5% 0.0% 0.0%
pro{up) 0.0% 100% 0.0% 0.0%
atilup) 0.0% 50.0% 0.0% 50.0%
doulup) 0.0% 37.5% 12.5% 50.0%

% 5.15: upright I 351 2 2 PSS (A1 8 LF HF LF /HF MF,WMF)
AR 5B LF HF LF/HF MF, WMF

F83/4 |conlup  [pmlup  |atfup  |doulup
confup) 77.8% 22.2% 0.0% 0.0%
prolup) 0.0% 87.5% 0.0% 12.5%
atr{up) 0.0% 0.0% 71.4% | 2B6%
doulup) 0.0% 0.0% 22.2% 77.8%

£ 5.16: upright I 350 % @l S (AJ): 501 LF HF LF /HF MF,WMF)
AR : 5B LF HF LF/HF MF, WMF

FE3/4 [conlup |polup  |atdup  |doulup
con(up) 100% 0.0% 0.0% 0.0%
profup) 20.0% 80.0% 0.0% 0.0%
atf{up) 0.0% 0.0% 0.0% 100%
doulup) 12.5% 12.5% 0.0% 75.0%
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2 5.17: upright IC B %258 (AJ1:LF HF,LF /HF MF)

AR LF HF LF/HF MF

F83/4 |conlup)  |polup  |atlup)  |doulup)
conlup) 88.9% 11.1% 0.0% 0.0%
profup) 25.0% 00.0% 0.0% 25.0%
atiup) 0.0% 14.3% 71.4% 14.3%
douup) 0.0% 22.2% 11.1% 66.7%

% 5.18: upright 1< 1) % aHfifki R (A J):LF HF LF /HF MF)

AR : LF HF LF/HF MF

F23/4 |conlup) |prolup)  latdup  |doulup)
conlup) 100% 0.0% 0.0% 0.0%
profup) 80.0% 20.0% 0.0% 0.0%
atup) 0.0% 0.0% 100% 0.0%
doulup) 125% 0.0% 12.5% 75.0%

# 5.19: upright ICF0) 2 FEKH (A )58 LF HF LF /HF WMF)

A R LF HF LF/HF WMF

FE23/4 |conlup |polup  latfup  |doulup
confup) 88.9% 11.1% 0.0% 0.0%
profup) 0.0% 87.5% 0.0% 12.5%
atrlup) 0.0% 0.0% 71.4% 28.6%
doulup) 0.0% 0.0% 22.2% 77.8%
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% 5.20: upright I 351 % FHfG R (AJ): 508 LF HF LF /HE, WMF)

AR BEELF HF LF/HF WMF

FE3/4 [conlup [polup [atdup  |doulup
conup) 100% 0.0% 0.0% 0.0%
profup) 200% | B80.0% 0.0% 0.0%
atr{up) 0.0% 0.0% 50.0% | 500%
dou(up) 12.5% 25.0% 0.0% 62.5%

#& 5.21: upright IC31F 2 #E5 R (AJI:LF HF, WMF)

AR LF,HF WMF

| F83/4 |conlup)  |polup  |atlup  |doulup

conlup) 77.8% 22.2% 0.0% 0.0%

pro{up) 37.5% 37.5% 0.0% 25.0%
atfup) 0.0% 0.0% 42 9% 57.1%
dou(up) 0.0% 0.0% 22.2% 778%

#& 5.22: upright IC350F % KSR (AJI:LF HF, WMF)

A LFHF WMF

FE3/4 [conlup  [polup  |atfup  |doulup)
con(up) 875% | 125% 0.0% 0.0%
pro{up) 60.0% 40.0% 0.0% 0.0%
atr{up) 0.0% 0.0% 0.0% 100%
dou(up) 0.0% 0.0% 125% 87.5%
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& 5.23: upright IC 81 5 ##HH (A J1:HF LF /HF , WMF)

A1 HF LF/HF WMF

FE3/4 |conlup)  |prolup)  |atdup  |doulup
conlup) 77.8% 22.2% 0.0% 0.0%
prolup) 0.0% 87.5% 0.0% 12.5%
atrilup) 0.0% 0.0% 71.4% 28.6%
doulup) 0.0% 0.0% 33.3% 66.7%

7 5.24: upright (< 38U % @l SR (A J1:HF,LF /HF,WMF)

A1 HF LF/HF WMF

FE3/4 |conlup)  |polup  |atdup  |doulup
con(up) 625% | 37.5% 0.0% 0.0%
profup) 0.0% 80.0% 0.0% 20.0%
atr{up) 0.0% 0.0% 100% 0.0%
douup) 12.5% 12.5% 0.0% 75.0%
#& 5.25: upright ([C3BU 52 F R (A 1708 HE, LF /HF, WMF)
AR S EUHF LF/HF WMF

FE3/4 |conlup)  |prolup  fatdup  |doulup
conlup) 77.8% | 22.2% 0.0% 0.0%
prolup) 0.0% 87.5% 0.0% 12.5%
atr{up) 0.0% 0.0% 71.4% | 28.6%
douup) 0.0% 0.0% 33.3% 66.7%
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£ 5.26: upright I &) 2 dHliAsH (A 1708 HF, LF /HF, WMF)
AR BEEHF LF/HF WMF
FE3/4 [conlup)  [polup  [|atdup  |doulup)
con(up) 87.5% 12.5% 0.0% 0.0%
pro{up) 0.0% 100% 0.0% 0.0%
atrlup) 0.0% 0.0% 100% 0.0%
doulup) 0.0% 25.0% 0.0% 75.0%

5.4 HEXFANT MLEBWER

X 2.5, X 2.6 T/R LI ART MU BW TSR E I, 4% CFH
=2 =)0y b T =27 VT8, T2 TOHR AR Y MuicEs
B2 R LT

25

* 52T HIXE AT BV (supine) IS 51 % *# B A5 W (A 19
H(LF HF,LF /HF)
AR BEULFHFLF/HF B85t
FE3/4 |con(sw) [prolsw)  latisw)  |doulsw)
conlsw) 100% 0.0% 0.0% 0.0%
pro(sw) 57.1% 42 9% 0.0% 0.0%
atr(sw) 0.0% 0.0% 100% 0.0%
doulsw) 11.1% 0.0% B868.9% 0.0%
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% 528  HIXAXRZ ML (supine) I ¥ T 2 b fli 454K (A 197
i LE HE LF /HF)
AT ﬁﬁﬂ LF HF LF/HF *Eﬁ
F¥3/4 |conlsw) |prolsw)  [atlsw)  [doulsw)
conlsw) 100% 0.0% 0.0% 0.0%
pro(suw) 66.7% 0.0% 33.3% 0.0%
atr(suw) 50.0% 0.0% 90.0% 50.0%
doulsuw) 0.0% 0.0% 100% 0.0%

£ 5290 MR AT RV (upright) I BT 22 EER (N1
i, LF HF LF /HF)

AR: 5B LF HF LF/HF tBxt

| ¥E3/4 |conlup)  [polup)  latup)  |douup)

conlup) 100% 0.0% 0.0% 0.0%

profup) 250% | 50.0% 0.0% 25.0%
atr{up) 0.0% 0.0% 28.6% 71.4%
douup) 0.0% 11.1% 11.1% 77.8%

% 5.30: HMXF AT bV (upright) < 3 % FEAAS R (A 15
#,LF HF ,LF /HF)
AR DB LFHFLF/HF 185
F23/4 |conlup)  |prolup)  latdup)  |doulup)
conlup) 100% 0.0% 0.0% 0.0%
proup) 200% | 60.0% 0.0% 20.0%
atr{up) 0.0% 0.0% 0.0% 100%
doulup) 0.0% 0.0% 0.0% 100%
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£ 5.31:

MG HE, LF /HF ,WMF)

FIXE R AT BV (upright) 1S 35 1F 2 2% B 45 A

5

AR B EYHF LF/HF WMF zED]
| F83/4 |con(up)  |pmlup)  latdup  dou(up)
conlup) 100% 0.0% 0.0% 0.0%
ro{up) 37.5% 50.0% 0.0% 12.5%
atr{up) 0.0% 14.3% 14 3% 71.4%
dou(up) 11.1% 11.1% 22.2% ob 6%
£ 532 X AT M)U (upright) 12 31 B 3 45 5 (A7
MGHE, LEF /HE,WMF)
A BB HF LF/HF WMF tB*f
FE3/4 [conlup  |polup  latdup)  |dou(up
conlup) 100% 0.0% 0.0% 0.0%
profup) 40.0% 40.0% 0.0% 20.0%
atr{up) 0.0% 50.0% 0.0% 50.0%
doulup) 12.5% 12.5% 0.0% 75.0%
& 533 MR AT ML (upright) I B1F % 28 55 R (ANJ1:03

i, LE HEF LF /HF WMF)

AR : BB LF HF.LF/HF WMF tB#t
FE3/4 |conlup  [polup  latdup  |dou(up
conlup) 100% 0.0% 0.0% 0.0%
profup) 250% | 50.0% | 125% 125%
ati{up) 0.0% 14.3% 28.6% 57.1%
dou(up) 0.0% 11.1% 0.0% 88.9%

33



LN

£ 534 HIRAXZ M)V (upright) I BT B Al ATH (A 19
#(,LF,HF LF /HF , WMF)
AR : 9B LF HF LF/HF WMF LizED)
FE3/4 [conlup)  |pofup  Jatdup)  |[doulup)
conlup) 100% 0.0% 0.0% 0.0%
profup) 40.0% 60.0% 0.0% 0.0%
atr{up) 0.0% 50.0% 0.0% 50.0%
doulup) 0.0% 0.0% 0.0% 100%

& 535 MM AT L)V (supine) IC BT BEFHER (K17
B, W, WLF, WHF)
AN B ELWWLF WHF EES]
F83/4 |conlsw) |polsw  |atrsw)  |doulsw)
conlsw 100% 0.0% 0.0% 0.0%
pro(sw) 28.6% 71.4% 0.0% 0.0%
atr{su) 0.0% 0.0% 100% 0.0%
dou(sw) 0.0% 11.1% 44 4% 44 4%

& 5.36: B A X2 k)b (supine) I &> % @FAMl#5 R (N 1290
H,W, WLE, WHE)

A B EEWWLF WHF Bt
F83/4 |con(sw) |polsw  |atrlsw)  |doulsw)
conlsu) 100% 0.0% 0.0% 0.0%
profsu) 33.3% 66.7% 0.0% 0.0%
atr(su) 0.0% 0.0% 50.0% 50.0%
doulsw 0.0% 0.0% 25.0% 75.0%
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& 537 MIXZAXZ M)V (upright) B % FEETH (A )10
H,W,WLE, WHF)
AR BECWWLF WHF i85t
FE3/4 [conlup  [polup  |atdup)  |doulup)
conlup) 100% 0.0% 0.0% 0.0%
pro{up) 12.5% 87.5% 0.0% 0.0%
atrlup) 0.0% 0.0% °71% 42.9%
doulup) 0.0% 11.1% 22.2% 66.7%

£ 538  MHXAXRZ bV (upright) I B % FEA &SR (A 15
LW, WLEF, WHF)
AR: BB WWLF WHF 85t
FE3/4 |conlup  [poup  latup  |doulup
conlup) 100% 0.0% 0.0% 0.0%
pro{up) 20.0% 80.0% 0.0% 0.0%
atr{up) 0.0% 0.0% 100% 0.0%
doulup) 12.5% 0.0% 12.5% 75.0%

& 539 MM AT M)V (supine) I B BB EER (K10
M, LE HE, WLF, WHF)
AR 9B LF HF WLF WHF [izED
F83/4 [con(sw) [profsw)  |atr{sw)  |dousu)
con(su) 100% 0.0% 0.0% 0.0%
pro(sw) 42.9% 57.1% 0.0% 0.0%
atr(sw) 10.0% 0.0% 80.0% 10.0%
dou(sw) 0.0% 0.0% 55.6% 44 4%




& 540 HIXAXZ BV (supine) I B % M A5 K (A 15
i, LF,HF,WLF,WHF)
AZ: S8R LF HF WLF WHF 1zED)
FE3/4 [conlsw) |profsw)  Jatrlsw)  [doulsw)
conlsw 100% 0.0% 0.0% 0.0%
prolsu) 33.3% 50.0% 0.0% 16.7%
atr(sw) 0.0% 0.0% 100% 0.0%
dou(sw) 0.0% 0.0% 75.0% 25.0%

& 541:  HXAXRZ M)V (upright) I BT 222 H R (A0
#,LF, HF, WLF,WHF)
AR 9B LF HF WLF WHF EES]
FE3/4 [conlup  |poflup  |atdup  |doulup)
conlup) 100% 0.0% 0.0% 0.0%
prolup) 37.5% 62.5% 0.0% 0.0%
atr{up) 0.0% 0.0% 571% 42.9%
douup) 0.0% 0.0% 0.0% 100%

VAN

K 5420 MHXAXZ bV (upright) I3 % FMES R (K119
i, LE HF WLF,WHF)

AR: 5B LF HF WLF WHF tBxt

 F83/4 |conlup)  [prolup  latrlup  |douup

con(up) 100% 0.0% 0.0% 0.0%

prolup) 20.0% 80.0% 0.0% 0.0%

atrlup) 0.0% 0.0% 50.0% 50.0%
doulup 0.0% 0.0% 0.0% 100%
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& 543 MHXIAXZ BV (supine) ICHT B
M WLF, WHF, WLF /HF)
AR: 9B WLF WHF WLF/HF (i:E)
F83/4 |con(sw) |pofsw)  |atisw)  [doulsw)
conlsw 100% 0.0% 0.0% 0.0%
profsw) 28.6% 71.4% 0.0% 0.0%
atr(sw) 0.0% 0.0% 70.0% J30.0%
doulsw) 0.0% 11.1% 22.2% 66.7%
& 544: MM AXZT F)U (supine) I T % d iS5 R (A1
#WLF, WHF,WLF /HF) .
AR 53 BUWLF WHF WLF/HF EES]
FE3/4 |conlsw) |pofsw)  [atisw)  |doul(sw)
conlsuw) 100% 0.0% 0.0% 0.0%
profsw) 50.0% 50.0% 0.0% 0.0%
atr(sw) 0.0% 0.0% 100% 0.0%
doulsw) 0.0% 0.0% 0.0% 100%

EERER (K150




b3 B I b

N (ANJ1o7

6]\

& 545 KX AT MU (upright) I 31F % 273 &S
i WLF WHF,WLF /HF)
AT ﬁiﬁl WLF WHF WLF/HF *E?*T
FE3/4 [conlup  |pofup  Jatdup  |doulup)
conlup) 100% 0.0% 0.0% 0.0%
profup) 375% 62.5% 0.0% 0.0%
atr{up) 0.0% 0.0% 42 9% 57.1%
douup) 0.0% 11.1% 11.1% 77.8%
& 5.46:  FHXFAXZ M)V (upright) I B B FEAGAS R (A T35
H,WLF, WHF ,\WLF /HF)
A1 53 B WLF WHF WLF/HF ZES)
F83/4 |conlup  |prolup  latdup  |doulup
confup) 100% 0.0% 0.0% 0.0%
pro{up) 20.0% 60.0% 0.0% 20.0%
atr{up) 0.0% 0.0% 0.0% 1 00%
doulup) 0.0% 25.0% 0.0% 75.0%
?[
&£ 54T fHXF A X7 k)L (supine) IC ¥ 22 H R (A
i, HE W WHE)
AR 5B HF WWHF ZES]
FE3/4 |con(sw) |profsw)  |atsw)  |doulsuw)
conlsu) 100% 0.0% 0.0% 0.0%
profsu) 28.6% 71.4% 0.0% 0.0%
atr(sw) 0.0% 0.0% 100% 0.0%
doulsu) 0.0% 0.0% 44 4% 55 6%
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* 5.48: HIXF AT R U (supine) 1 3513 % JEAfif5 U (ANT1:97
i HE, W WHE)

AR B ELHF WWHF tBxt

| FE3/4 |conlsw)  |pmlsw)  |atdsw)  |doulsw)

con(su) 100% 0.0% 0.0% 0.0%

profsu) 33.3% 66_7% 0.0% 0.0%

atr(sw) 0.0% 0.0% 100% 0.0%

doulsw) 0.0% 0.0% 25.0% 75.0%

X 549 MXZAXZ MU (upright) 131 5B R (K15
HHE, W WHE)

AR 5B HF WWHF tBxt
| F%3/4 |conlup  |poup  latdup)  [doulup

conlup) 100% 0.0% 0.0% 0.0%

profup) 25.0% 75.0% 0.0% 0.0%

atr{up) 0.0% 0.0% 71.4% | 28.6%
doulup) 0.0% 0.0% 0.0% 100%

& 5500 MR ZAXRZ BV (upright) 1€ 31T B 21 45 5 (N1
#,HE, W, WHF)
A : 53 8% HF WWHF EED]
FE3/4 [conlup  [polup)  |atdup  |dou(up)
confup) 100% 0.0% 0.0% 0.0%
pro{up) 20.0% 80.0% 0.0% 0.0%
atr{up) 0.0% 0.0% 0.0% 100%
doulup) 0.0% 0.0% 0.0% 100%
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FeE ER

6.1 SEIDFEFTDORIER

K55DN5KRE8 2B DIHROIEELF, HF, LF/HF 1213 Tk
propranolol DN FIRETH 2 L DD B. 2T MFRWMF %
LA UTERERE L EROEBREDE TANA LTV S HREN, BRIk -
TIZZEEREROFTDFHIAER K 0 S HFERMENEDRRZIFI NS,
ZIEFEK5.9 £E5.10 B ETHB. FIC propranclol IZHBWTEETIE 25
% TdH 2 DIH LAHMETIE 100 % E WS FERICZ > TV 5. WS sl
T2 RIESTZDICARBFE T 100 fmE o L WS EERE. BT 310 TH
Wt T — RIS EIAS LIIBIEOHE A E b8 Tl NER CTaMiiic vz
T—RDBHEEIEol VWS T liks. LNLESKRB L EDHKBRER
FET—RICTEDTHENED->TL BT LItk 3.

2B 3 —DOAREM L L TR TF—RICARRT— 2 MR > T\ iz
CLHEEXIEND. EL5ICEXSEDRERICIIZDOREREND 50
HEMIEBEDENTH A S. T

6.2 MFPWMFOEAICKSZFIS

#5.10, £5.12, £5.14, X516 5 E MF R WMF ZANT 3 LT
propranolol DFRNEL > TR M5, HlcE51213FE 58
DVERIERATIRERIC WMF %3801 U T 1203 720, % 5.8 IKHRTHIS
M propranolol DRFRNE L IZo T3,

LA U propranclol DRI E L ZoTWVB DD, £ DFERT
atropine DITFHEDRE S TR TV B EDOHNELNS. £5.10, £5.14,
REIGEDVENILHTB. DED MFRWMF Wif5, LEVWTh
M atropine DB E T F 2 ERNH ZTREENEZ BND. 22T
MF & WMF ZZNZTNHETIHS 2 0BNHTL 3. Z0OHEKT 3
TeHDIERMEK 512 LK 5.181C7%%. RTOBY DK TAHLTS
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888 LF, HF, LF/HF \<hZ, £ 512 TIE WMF, £5.18 Tld MF
x> TW3. ZDHR MF %20 A 723 5.18 Tl& propranolol 520 % L
MOETETHNEVDICH L, WMF ZINZ127%5.12 Tld 80 % TX
TW3. control *® doubleblock I\ BN TEZDLDEEROELIZH B EDD
propranolol AT AICIE MF XD WMF OAENEL TN T Eh
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WMF RIS AT S IVDE A T propranclol DHFMN LT o
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