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Septic shock prediction using time series of heart rate variability
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1. XL ®HIC

WOMAE (sepsis) (%, AHEEASMLIRICEG LTl &l = &
N DG VERIERIGCIEBERE (systemic inflammatory response
syndrome; SIRS) & WXL D SUGE LD RHVEEETH D.
RUMAE S EAEL T 5 & UMAEPE S = > 7 248 C, ifi, B0,
Dk, FFi7e & O EEIRIRSHEREAR R L 72D, 40~60%1%
30 HEAWICBE LT 5. BRIMAEME S = » 7 2 2 L7 BE Ol
#% 30 ALUNOELERIL, K 34%TH Y, Ok
ERELYVEHEELRE SN B[] Fric, EFRE=S
(Intensive Care Unit; ICU) T, HSESCLAE L —Z—72
EREx TR RLA Y, BTF—FN, BUbRERICEA SR
TWD7, B U 27 BE. BUlE % BEEL S 72
Wiz, BRIMEFSIE®, 1 FERDLLAN OFLAFE 5 03 4208
(BUMIEREIR X ¥ v X—2) SNTWA[2] LaL, g
JEIE, MIRMREIC X > THEOFEZ MR L T2kran,
RN SN D28, BURTIE, RBREELHEMEICLS
BE O EBABIINC X - CTHUIE % 5& - TH» b MR A 2
1Thhdi=d, BABENABIZ/RD. 0D, FHE
MWOY T IVE A KT =F Al fels TB CRUME 2 M3 5
TEOHESINEHE L SN TN 5.

EZAT, BIEERFET D & AAMBITENCER 2 &
7= L, 128 (Heart Rate Variability; HRV) (ZZ8 (L ANE
NHEHMBEINDI NG, AFEMRE=XLLTOD
HRV OFIARHL BN TWD. Flx1F, F/O ST, BEIER
MFERECE W CRUMENE S 2~ 7 OFRAE 2 BERRTIC T CIg,
HRV BNEZFICH A L TWS Z L 2HiE L3, £/,
Ahmad 5%, HHBEFREZOBEIZREL TWEHN, B
MLIE O FIERTH & R IR - T HRV O iz % 81
L, FIED 120 FERIFTIZIZ HRV 28 25%B LTz Z &
TS LT2[4]. AWFZEICBWT Y, BUiEMY 3 v 7 25
JET D Z & ARRICH <2, HRVICK DBREDOFFE=
YT EITHZEERKENLENE LT, ICU BEOD
HRV FERFIZEAL 2 34 L T X 72[5][6].

UL, BURTIE, ICU BEIZRBW T, RxebiEic
X o THRENR/A EOBRF LB TE L, B ok
ERREETH L0, VT NVZ A LMLERNS HRV &
HEECTERWRIENER STV 5B[3]. & 51, HRV fi#
Brickwnw ik, —ixic, WIS, ZERZIZCDET 2
FERARFE L2V E, HRV IIHIRICRE 2R~ & 9
2720, HRVHEEREIZIRT 5.

A2 TIE, HRV OfREF LV A2FIH L TRFE.LE k
Ly REABNICEREL, BEMRENRDO HRV %508k -
2 FEERETSH. 2 LT, AFEZFHLT, K
MIEMY 3 v 7 IZE -T2 BEOH AR O HRV OZ21b % HE
ELIRER, BUlEMEY 3 v ZIZEDRNC, HRV 23k 4 (2
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B LT, 0%, HRVE EFRICEEL S, T4bb,
UM SETEAEIC I8 D HRV OBFFIZEGIC V R Z — 2 DF
WHRHR L2 L arRT. BEHED HRV 2F=%_L, VT
NRA—=VPHB LT 7—22E5 L, 2k - 152
T ) BUIMERIEDRET =% & L CEBOAREM R
mWEN5D.

2EEDHEILY FOKRE
REIE[TITE, 9, B, TO RR BEZ2 x, &3 5.
RR k@ x, NIEF R BIEqg, =1, BFELoiEq, =0
B 797 %HAEL, ZThb0 7577 %FLDT
0=(q1,92,---.qn) £ B BROZHEKXDNT A —F %
OLLT, L REXRTEEE f,0) L RT. THL
Y RERTEE f(1;0) L EFLHERT 7T 7 QMNIEL
JAUE, RR RS P Ly RERTEEESIWEEER
S x, — f(t,;0),n=12,...,suchthat g, =11%, EHLAMIC
Y LW EARN B FNDL, EERS
X, — f(t,;0),n=12,..., such that g, =1 DFERE &340 )
Ho L HIERASMAICEL DL IIE, MLy FERTHEEK
f(t:;0) EEEFELIERT 757 Q2 RET S, BEMKIC
., T+ X T o 7 77 0o MBrE bR
0=(0,0,0....,0),(0,0,0,...,1),...,(LLL,...,.) {2V T RR [HFE
X, & MV v F & X T HEK (1,:0 O
n=1,...,N,such that g, = 1 \Z 7= 5 FRIRRE % F/MT T
HEIICKLERDAT A =L — O E2REL, BERY
x,— f(t,;0) > iE #H P R i3
g({x,— f(ty;0) | n=1,...Nigy =1}) 2 RKICT 2757
O #BINT 2 X Hig, MEEICKERE(bZ21To. IE
HMERE g i, 4 KE—A L bmy S, BKEE & -1,
WO My<31 &R0 7T7 7 QBRIRTHEDLE LTz,
BRE, ERETEBRELEN RS FEREF LI ML
v REEYNCPRETE . T2 XY, HRV OF 7725y
RIS Z L8 RMREIC /2, HRVHEEREE b 1A L7z

3.ICU B2&EIZxY % HRV #Z4T

31 %&

ARFSEIE, I B IR T KB E R W SR A 5045 i B
ZEEDOAR T TITbNTe. B RZEE L B R L &R
BaipE 2 —IC AL, RBEZHELNZER 120 4%
®Grl Uiz, ICU ABahin b BEF 3G S b AR T
=% (74U v 7 AR MP70) NHUEIND/NA X LT
—ZDHL, F2HFETHH SN LEX O~ 2359 A4y
PERA L. BRI 7Y o Z RN 250H TH D, 1L
£, D%, Sp02, MEEEL, KIE/R EDNA B AT —HD
T TN, 0.1HZz TH L.

32K

1 SRR LERICH LT, bA~L NEHIZ LY A
MAk, QRS MMM Z 4. AR E 45~
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1 HRV K251

250bpm O TR, BRALEIZOWTH 7 H T
TOFET R IEOE— I E QRS MMFHN(E FE2H Y
HL, 251k RR BREEHT S, #RIEkICLY, £
W b REABEIMICBREL, BEMKRBEED
HRV %758 - #ith4 5. AR SV ZEAT 272012, i
MEhAEMEC /2D X 9, LA T T4 2T 0.1 B
BICHY 77 L, RNU—AXT MUVEBERHEET .
LF (Low Frequency) jik%y, HF (High Frequency) H{%y %G
PH[8], %V A%k 0.04Hz 725 04Hz %45y L7l %
HRV OHEEM E Lz,

4. FERLEEBE

REIME 2 8 E L 72 B3 (78 mk B, BREEME) @ HRV
R RGEORE RO —Fl 2K 1SR Lz, A, AREE)
5O H B, e, 150 HRV HEEMEICRT LT, #i%
1553 TAT 4T 7 4V Z ZT T HRV(AB)TH 5.
BEE, BEWMUEES 2 v 7 2 RIEL, Z0O% 67 A
FlzkIREn 7=, BuiEdEy 2 v Z71ICESRMC, 1 BBk
T C HRV M4 12D LT &, 0%, HRV 28 E5F
WU %, bbb, MIMERIEICRIT S HRV ORFEE
{EIZ VG — ORI B L7z, 29 L7 HRVODO V
FRF = BNMUIENE Y 3 v ZIZE D £ TO—DODRFRIR
WTHDEHR SN, ZHET, 15 BF 21 flLEER V
FoRE— U OEFIBPER SN, S5, HRV © V F)
Z—UBNHBL LS, BARMICIE, HRV Of/ME % EH
L7eh, T7—A%E5L, 2K - IRFEEZRT &V 5 Bufl
SEFAE DORRFNTE = % O EBLO W HENVED /RIR iz

5. &8

AW TlE, HRV OfEREFNLEZFMA L TEE.OHL
MLy REBEBMICKREL, BEMRABRED HRV %455
B - T 2 FEAZRR L. EERIS, AFEEZFIALT,
BUMIEYES 2 v 7 IC B oL BE O A MO HRV OE{L%
HEE L7k R, BRMJEMES 3 » 7 ICE D HENZ, HRV HBMex
WD LT &, 0%, HRV S ERICHERL S, $740bb,
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REMLAEFEAEIZ 31T 5 HRV DRFRIZ(RIC V 5287 — - D
WAMB L L 2R L. SO, T RCAS)
BHZID Y TAZ A LTITO ZENRFRETH D=0, 24 FF
ME&ZE O HRV ZE=4 L, BMAEFRIEDOHRME=4 & L
THIFFBE OREIRICETA e TH 5.
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AWFIEIE, OB Tk s 525 R 5 1l R g
WMl R~ g s T RE—Tu s T [IGERE
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