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Changes in heart rate and autonomic nervous activity
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DETEY R LD LA TNDTEEREEL TV S, Ono H 23, &8 DI B~
ATV, BERMRIGENZ B D — 2L LT AMEZRMRETLT-, £ ORE R, SERIEITIER T EE Y1
IV EFEES BZEBALITRY BT AEE T T ARSI RE LT, 26D
FEATHRZE G, A ZEDORIESCEIE(LIZIE B RIS EI O Z TN H L TV D2 ENHELRIND,

DHATHIE (HRV) (X, B MR OBREORER L OEERE B OB EICHEHTH
52, FE L DHEERE L, IERIER 2 B RS REREM FE T H Y L LIEEI ST — X
A7 MVIENTIZ K0 B AR IR ENRE 2 2 B AR TE B, RIS TG B I Ay B B b L CREAM
TE2 Y, v NIFINREEZZ T D L. FEROIEREMERERO 72 D IR ARIR S5,



FRIC X0 DB OB, RIS ME OIGHEIC L B IED ERARENEZS D, Zhicinx,
R 1S O TN ISP DR B M RIR B L ~OLHR T L 'O D E B O RIS 3D+
HZEBALMTRS TS M Lz ido Tl 1L AR 8IS L0 | AR IR B 0 R T 2728
A0 < BB RIR 22 8 0 B R RFIE IR A S SR ILLT W EB 2 BILD, itk D H
MR E IOV TIIWLSONEITIE NS D, Zang & T EHEEICB TR 1 B A,
2 HHOKM OB EMRISENIMATNC S THREIK T T 52 L 2H)E L T 5, Hansen
BT, A % RE O ORI B RIEEI MR T 528 2@l LT 5, %o B
REFICOW TR 2 B R OB EITHRFDHIT O TWD, L, I &l o B &
PRGN AT O 3 B B £ CTHGERIICEBIZEL | T DR A RS LI IR R S 72670,
it o B MRS EI ORI Z LA R L7z | CH A B RIEBH O B AEARRIE B O FF 14003 B
OO IUE, CAERIE TP DT DF SR OB IR ZAIL 7RO R 72 G R DR
BEGHTENFREICIRDEE 2 HIVD, Z I CARNFZE TIE, BB/ BT & iln B oLtk L
HAEMRIEE ORRFIELEZH L MNCT D2 EICE D, BT ASRIE TSI RN F
IR EERET B OORMT — 2 2155 Z L EHSEEE LT,

W5 ik

1. %%

A JEBE DETEANEHRIC ABE T D 65 ik LA Lo T, N LR 2ERIN (TKA) « AL
R B B E HAI (UKA) . AN LIxBAi 2@ #Ul (THA) . BHEAMRBIIK 2 Filiz 7iE
LTWDEHELE L, KFE~ORENEGONTZ 498 KR E Lic, ABICHTZ->TiX, &
BEOHFAINGELNTEBHE L L,

AAFFE T, BEMRIEIICEEZ KT, U ToHERZ b OEE LRI SR L L, B
W2 Nk LTV 2 8, Mg REESE (BEMREEL 2T 2%56), MA T, %
FOERIZNES T NN TH L EE GRIE LM SN TWDEERLE) ZRIAxtg L L
76
2. MENEBIOT—FINEFE

PEHIIE, PR 254E 7 A SRR 26 4E 11 H ZETOMD 11 » A Th o1z, HikEAE
AL 1~3 BlciRZ 2 YEanTnaizw, @EZ1THY BEIIHRETO | B EHiS AR
KO 3 HIF & LT,

1) BEMRIEE : LR (HRV: Heart Rate Variability)

7y ZEAOER FX-8222 # AW C I FHE O LER LD H R-R FREZRNE Lz, A0
ZECIE 5 40l (200 471) LEXI A FEAE L T AR OIHEB Z T, Wb XBISR A 5 JE K
%4> (HF: high-frequency component,>0.15Hz) & & # k%5 (LF: low-frequency component.
0.04~0.15Hz) D AW TANT MG 24T >Te, A7 BV OFHEIZIX, Fast
Fourier Transform (FFT) % MV 7z (LabVIEW, National Instruments, Tokyo, Japan) , &



R Cl, With B OB IRE) RS AI 2 5/ NRICT 2720 BERIEE Z2 - 7o, o
JEHITBEOREL 1 HIZ 2B, 10:00 & 20:00 ([ZF5[ L7z, HIEIXREOHETITV, f#
B9 15 53 DL FHEAR BB TRIE Lz, 2236, BIED 3 BRFTINGIIN 7 =14 DA
ST-RAYOEBIUIEZ, BRFEZEBTH O 2T THIETE A L O L, £/,
DR AR TE B 2 A A ARIE B 2> D 40 BlE L CREI T 2 72012, PRSI 9 [ml/53 B B (52
AR DREFTREE BRI CTH 5 0.15Hz LU L) Th D &R LN biTo7z, WE
WZBR L, SR, BEIFENERERICHE L, &, MEIERERE L TE LMY —EIch s Lo/
BE LT,

LF. HF O7 —Z | ZIEHSA TR W20, BRE (In) ITEM LIcT — % 2 47
N7z LF B3 VR A REARRTE By & A SRR 15 B 00 [ 7 4 S U, HF f5 50 1 R A2 S R T )
ERMT 5 Ob0r Lz, b, RKAME CEHE) — B/ME CEHME) 12XV RKREBEZ
Kb ZEEE AR LT,

2) BEER

HAEOR MR L OEGEEOFMICIL, HAER=—F v H2RELEEEL (J-NCS) X7 —/L
RV Y, ZOBLE#EN, RIRBOII o —va VR CREOR#ES T L
TRHM L7, iz T, REERRYH & B 36 L ORI 7 v 7 2 - — 1 (Visual Analog
Scale : VAS) % H\CTHFZEE ASREAMN L 7=, BEARTE 2 B OFFMIE 10:00 (&, &SR O R
1% 10:00 & 20:00 (247> 7=,

BEOFE, YR BEEE, B4, . kT — % O RIER R D&,

3. F—E ok

it D> HR, B ARG B O RRRER 72 2 L O R EH I RAERE 53 8o b (F ) & v
7o RAEHRIESY BT T, Mauchly OEREMERE 21TV, AE TH-o AT
Greenhouse-Geisser (& IEIC L DMREEIT o7, FHET A ML Tukey BREZ HW 2, BHEIC
!X SPSS Statistics 21 (IBM Corp., Armonk, NY, USA) #fifH L. AEAKHEIIS% E LT,
4. fREAERE

ARFFRNTAP T KPR TR R L B 2 ORRE G TYT o 72 OKEEE 5 1 227),
7'a ha— WIS R E SIS TERR LT, RIS 1T, S E DR 2157,
XFRFNHIEE 3L E e N ABEIC T, RO B, A IFIEIZOWTHI Lz, AFHA
~OEBPEGONTZHAEIE. VA ORER EBEDIREOY TR B0 K 5 2T F
LEHA L E L ECREEZIT- T2,



R

1. HREOER

KRFOYFRIL, R 1LVITR L, AEMBEPICEREOT ARG LN, HEDORENED
NT=DIZ A9 BITH -T2, 496D 5> B D 55 FERIE 4 . RIBIED & 5% 13 Bl &R 7z
32 Bl & Mkt G & Uiz, B8 OFEMIE 74.415.7 % CEHAME HEHER ) . MRNT B9
i, otk 23 5], Body Mass Index (BMI) 1% 24.8+3.0 ke/m”> Th o7, BREEDH 5,
HAERY LU ENT-OIX3FITHo7c, BRGEDERIEDFEWNS %21 Tz,
2. EBIEHEEEERE OLHK L B EMFRIEE ORIFHZE(L

ISR Sl B A O3k (LT HR & 9°5) & AR Eh ORI E (LA % 2 12
~ LTz,

HR /%, A& (65.6+=7.4bpm) 7264 HA& (73.0210.8bpm) (ZFTEHF L, &
D%P LN BRI, itk 2 A K (79.6+12.4 bpm) IZIRKEE 72D, 2Dk
LM TR L TW e, TR BMi% 3 I OMIRIZIE W TH ERBRRFIZE(LAFERD b il
(F=25.592, p<0.001) , FMANHAMY AR OHZ 3 AHKE THRICEHE TH -7
(p<0.001), InLF iX, fiTai#l (4.4*£1.2ms2) 22BIATH (4.951.83ms?2) (Z0TFTESL
R E 22 o2, HETL D BARVVE THUIZWDICHER L T, iR BiF% 3 AR o
B BWTHE R BRI 380 b (F=4.151, p<0.001) . #R1&IZ % 1 B B &
NHAT% 3 H B E CHEIIKME TH - 72(p=0.001~0.028), InHF i, 7faisl (4.5+1.3
ms2) BRI (4.9+F1.4ms? ) (T T ER LEKREE R-7dH & Hiaid D HIKVVE
THEUXWIZHRE LT, AEx EFXTRITRD b o7z (F=1.401, p=0.197).
3. HILRITKIT 20 L BRMRIEEI O/

L ITBT 2B O E K 112K Lz, HR (X, §I%K & B ITINRTNC e T I3 A
Blmmch o7 (p<0.001),

#HlO InLF X, WEI HINEZICHT TORBEREBMITB D b2 olz, LinL, KO
InLF (TR~ THit: 1 B B4 (p=0.003)., #fit2 2 H H#&K (p<0.001). #fitz 3 H H&K
(p=0.001) THEIIKME TH -7 (¥ 2), InHF X, #1& & HICHRET SIS T To
I=RAY X (A A Y

Z %

& A= IIE T RIS B R IR B/ SR ITIE 2 R T 2 12O DI T — 2 215572,
BRI Sl EE 2645212 HR & BERRIEE ORI OV TR L., £0
fER. FHMREIC LV HR IIIFANCHE MY B HI% 3 HE E THRICEMEICZR D Z
&L BARREERNL, WHIRETD SR IZNT TOERIZ R W ARILTATIC e~ f: 1 A
A26i% 3 HH £ TARBICIKEIC /2D Z LW LN T,
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RIFIFANZ AT Y B B4 3 A HE CHEICEME Th o 7o, iz BHE 1L E TR
(B B B 57) ~ D I DA L0 BT A7 M85 7, LIz -TL AR
WFFEICBWTH#%IC HR O EF 25807 2 L IX TR BT 5 ARG & LTRY 725
RThHdHLEEZD,

#i#1C InLF A ICA BICIRE TH - 72 2 L%, itk o B 1213 A A RIE B O HERE K
THAERZI>TWNHZ EERLTWD, Zang © 13 |X DM OF 2 X A% miin B3 o 3
MIRIEENOHER OENEH O MCT 2 Z 2B, iaiA, 1% 1 AH, 2 HH® 23 I
PHER TRECORRMRIEEIZEHHI Lz, ZOfE%, DM OfF I 57 InLF 1%
AN 1 BBICABIIK T L2 235 L TWaD, LR -> T, AIFECH LN
ToAERIL, Zang HOFERE—HLTEBY, 512 InLF O FI3i#% 1 B B2 0 Tidiel
Witk 3 HHETHIK ZEEZHOLMNITHZENTE T, BIROEY | LF %57 13RI A ik
THE) & A RARIEBI O W A e L, HF B4 I3RS AR IE B & K95 19, KBFZEICE
T InLF E2M % ORICAZITAE T LZ0iE, ARFFRICE W T HR Mk IcA RICEE T
bholoZ &, %ﬁﬂwwM)xmfm%®&%®@QWWWﬁ@%m%’t&fﬁﬁ_ﬁ
TT2ZLRHLMNTRS>TVD Z ED 2 HIC X VRIS RIEE N FIFEEIC L VKT
L7 ThDEEZD, UL, AWFZETIXEIR W*ﬁﬂfﬂ%%ﬂj@ﬁi? STV, BIZS
JARTEBY IR OB A K E < ZT D720, B EARRIE ) O FHM 217 © BRI IZPER AL
Zarbo— 52 EREELWV 10, LLARL, EEEICPRAKEZITY 2 LiX
BLEMTIE e <. EfEREIS MBI ORENRETH - 72 Z L ITARMIEDORA TH 5,

$ﬁ%’£mf D B AR BN IR ITAR T L2t LT, #l oo B AR iR is s 3ot

iR L CEB R 5T, TOAD=RANIRATH L0, G, BIASERE
@@ﬁT_;Dx@@ﬁﬁ%w%u HZENERERST-ARRERD D, EHRDHH
ERMETH D,

KRGO R 2 LU FIZR R 5, — sk O/ w2 xR & LTWnWbH Z & fff
X (TKA - UKA, THA, FHEAMEEEIIT 5 FWN) (CK5FINREROBENEZBETE T
WRWZ & IR OBMIIMLOEEEZEETE TWRNWI &, BEOAHEEZZE LBRIHE S
BaBA Uil 72 BEMRISBI O 7 — 2 3B o TunanZ & FaEgm i
MENTHEANOEEEZZETETWRNWILETHD,

A%IL, I O A EAMIRIEE OHER & L 0 SEMICERICHE L. LT, FAERIEOH
ORI K2 AAMRIEE 2 04T L. i A S RIE TRAIC N R 722 B S ik %
BRI L T BERDH B,
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# W

FIFREIZE D HR [FIFANCEE R THEICEVVER TS A2 61k 3 HH £ THi< 2
&L BAMRRIEENZEIAAT & B LR e v ol U, RITINATZ Tl : 1 B H 2
bifitk 3 FRE THEILKETH 2 Z AW LMNITRoT, ZRHEDZ L b, Fiffgo
BT R RRIE B MR T LT D 2 AR S Tz,
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£1 XNRFEOY

n=32
i %) mean 74.4
SD 5.7
PRI (R PR/ ) 9/23
Body mass index (kgmz) mean 24.8
SD 3.0
RIR(C) mean 36.3
SD 0.6
IS e 1 1)+ (mmHg) mean 117.7
SD 13.5
P95 H 1M+ (mmHg) mean 62.6
SD 6.8
Hb(g/dl) mean 12.4
SD 1.3
WBC(x10°/l) mean  54.5
SD 11.4
CRP(mg/dl) mean  0.129
SD 0.142
fifr =G
TKA, UKA 11
THA 10
FHEA MR BTk 2 Bl 11
PR B A& T IR [
10:30~13:30 11
13:30~17:00 13
17:00~20:30 8
JBR B FRE 5] (min) mean  224.2
SD 82.8
K L — > PEHR & (ml) mean 314.4
SD 285.3
TAE
A 3
B 29

Notes: TKA=A T. [ B &i 2 & #2147 (total knee arthroplasty) , UKA=A T.J{ B Fii B I i #6277
(unicompartmental knee arthroplasty) , THA=A T.J& B i &= & #11i7 (total hip arthroplasty)

Hb=~% 71 &> (hemoglobin) . WBC=H flLEk (white blood cell) . CRP=C¥ > /X7 K Ji& (C-reactive

protein)

13



& 2 BICHVEHIT % i R O O4a B B B RIS B O IF 2L (n=32)
i #F4 A ik 1HH #it2H H #iE3H A Bk
# % % # % i % ) W EDmE
HR (bpm) 66.3£8.37 65.6+7.4 73.0+10.8 74.9+10.1 78.7+12.3 77.9+12.3 79.6+£12.4 75.4+10.7 75.3£10.6 14 25.592 0

HEEE) p

lnLF(msz) 44+12 49413 43+14 4.0£12 4.0+1.3 39+15 3.8+1.1 4.1+14 4.0+£13 1.1 4.151 0

lnHF(msZ) 4.5+13 49+14 4.6+14 43£14 43+1.8 43+1.8 4.1+1.7 44415 42+14 0.7 1.401 0.197

Data are mean+SD HR: Heart Rate, LF: Low Frequency, HF: High Frequency
M RAEHE B AT (I ReORASBHE : e Al CFIAI) — fie/ M CFEME) o 9781 bORIEEIZ 31T DAL BhiE 2R,

95 ! * T o 1
T = 1 95 -~ *
% - 1
90
85 -
85 T
. 80 - 80 -
75 E s |
2 Evs
% 70 - i, 70 -
65 - T g5 -
60 - 60
55 55
50 50
Preoperative day POD 1 POD 2 POD 3 Preoperative day POD 1 POD 2 POD 3
morning morning morning morning night night night night

1. & KIZBIT D.0mBEDEl
Data are presented as a mean + standard deviation. POD: postoperative day; HR: heart rate.

*p < 0.01 according to the Tukey post hoc test.

5 |
4
3 |
2 -
1 -
0

Preoperative day POD 1 POD 2 POD 3 Preoperative day POD 1 POD 2 POD 3
morning morning morning morning night night night night

-~
v 2] ~
T T 1

*

S
T

InLF {ms?)
InLF (ms?)

L W
T T

[
T

o

2. & HKIZH T D InLF 0%k
Data are presented as a mean + standard deviation. POD: postoperative day; InLF, natural log of low

frequency. *p < 0.01 according to the Tukey post hoc test.
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2. BEARNEREREEICKIT 20K E BHREMREB ORRFAIZEIZ
BE 4 5 EHE

R

1) FINBEE SHEOHENER L OBE

FIRIEE, HEEHEOF RN & O, BEMRIEE & OREIIE 3 1TR LT,

(1) 5]

HR X, Bt (n=9) - &t (n=23) & bIFFEISMiE 3 AMOWIKIZE W THE 2RI
RO L2338 B vz (F=9.503, p<0.001, F=17.154, p<0.001), ffit% 1 B H D&% <
ETORRIZBWTEEL Y LD BEMETH o720, AEBRETRD LR T,
InLF 1%, ZPEIAiR (4.90+11.19 ms?) #HRKEE L THERBRHNZLNRD b

(F=3.420,p=0.001) 2%, K& 2L@ECTIxenro7z, BHEOLEEITLMEL Y HRKEMN
ST, AERERHEITRD b7z (F=2.187,p=0.090), MEAIZ X 5 InLF &
AEZATRBDO N o7z, InHF 3B - L& b, fivaio o1t 3 A ORIz T

BRI ELITRD b -T2 (F=0.266,p=0.975, F=1.735,p=0.094), PEBIiC
X% InHF OFEEITRD N2 o7,

(2) Body Mass Index (BMI)

HR (%, BMI<25kg/m’ OFf (n=18), BMI=25kg/m2 DO#f (n=14) & &A1 BT
3 HEOWIMIZE W THE ZRBRIFMENFED 57z (F=15.525, p<0.001, F=11.802,
p<0.001) , BMI<25 kg/m2 O #f1Z BMI=25 kg/m2 OFEIC R ETORER S TERIETH Y .
AT A BEICEMEZ R L7z (t=2.048,p=0.049), InLF %, BMI<25 kg/m2 OREILITHT
% (4.581.16 ms?) Z i KfH & L CTHERRREEHEINTRD bl (F=2.830,p=0.007)

D, K& R BEE I/ - 72, BMI=25 kg/m?2 OFHIIA B R RRFEF TR S
7= (F=2.023,p=0.052), BMI<25 kg/m2 O#tIL BMI=25 kg/m2 DREIZ T, &£2TH
FERICB W TIRIE CTH o 7223, itk 3 A HEIICAREIIEWETH 7= (t=—2.081,p=
0.046), InHF %, BMI<25 kg/m2 O, BMI=25kg/m2 DL HICHE R LR TRIZER
ootz (F=1.198, p=0.318, F=0.810, p=0.596), BMI f#(Z & % InHF OA &
RET R T,

(3) #=C

HR /¥, TKA - UKA (n=11), THA (n=10), &HEAMERIZHT 2Tl (n=11) £
TIZBWT, i 6% 3 AMOBMICA BERRRFINZEIRRBD bivle (F=8.045,
p<0.001, F=11.928, p<0.001., F=9.657,p<0.001), TKA - UKA X THA. HEA ML R
T D P L AR TR TOWER R TIRIETH o722, AERZIT o7, InLF 1%,
THA (B TIE, Al (5.256+1.32 ms2) ZiKfEE L THERRIFIIZLDTED Bl
7= (F=2.629,p=0.015) 73, TKA - UKA, HEHEAMESBITK T 2 FI Tl E R R R A

15



bix 72> > 7= (F=0.958,p=0.476, F=2.437,p=0.074), #ii2 L % InLF O A E 271
W biginoTz, InHF X, TKA - UKA, THA, HHEAMERBITKT 5 FF2TT, i
R B 3 A OMIFIZ B W TH R RRIFNZEIZ /202> 7- (F=0.831, p=0.578, F=
1.675,p=0.195, F=0.958, p=0.448) , #fiXic L % InHF O A EREITRBD DN T,
(4) BREMAET RERH

HR X, 10:30 235 13: 30128 T L8t (n=11), 13:30 75 17 : 00 OREIZHE T L7z
t (n=13), 17:00 75 20 : 30 (T T L72#E (n=8) & TIZHBWT, irFis i 3 AH
DN A B2 R AR b (F=6.682, p=0.001, F=12.4, p<0.001, y’=
42.139, p<0.001), 13:30 2>H 17 : 00 ORI T L72#EIE, 10: 30 705 13 : 30 I T
L7EREICH AR TS AR Z R 2 TORER A THR A EICEHE TH o772 (F=4.467, p
=0.015, F=7.187,p=0.003, F=5.575,p=0.011, F=7.957, p=0.001, F=8.107, p=
0.001, F=9.001, p=0.001, F=11.074, p=0.000, F=10.372, p=0.000), £7-. 13
30 75 17 : 00 DEICH T L7=#EIX, 17 : 00 75 20 : 30 I T L7=BE L 0 BINRITRICH
BlZAMETH-o7- (F=4.467, p=0.037), 17:00 75 20 : 30 (2 T L7=#EIX, 10: 30 2>
B 13:30 ITHT LREICH Tl 1 AEIEINE 38 ARICARICEE CThH -7 (F=
5.575, p=0.041, F=11.074, p=0.011, F=10.372, p=0.037), InLF %, 13:30 5
17 : 00 DFNZHE T LB TIIA BRI 23380 bl (F=2.545, p=0.015) 73,
10 : 30 705 13 : 30 12T L7=BE, 17 : 00 205 20 : 30 [TH T L7 BE TIdA B /R A
biZ 72 -7= (F=0.762, p=0.637. x*=9.029, p=0.340), FFEL#& THE#IZ L % InLF 04
BT o, mHF X 3 B b, XTIV TR L Tz (F=0.521, p=0.837,
F=1.182, p=0.319, ¥’=9.562, p=0.297), W& THEIC L % InHF OA E 2513720
277,

2) firteEsE. BEHRNG R L o REE

fhrfeydm, MENRGE 2R (VAS) &.Ofndk, BEMRIEE) & OBEITR 4 1R LT,

(1) BINEEEOF E

A TIE, R TOMNGENEMEIFEDOL G IZ L > TER T hr—ARn 23T
7o T, BEMEEREEO A I X Dmﬁéﬁrm@é%mﬂﬁ L7z, HR %, BINEEHK %
A L7 (n=22), A L2 > 728 (n=10) & H1Z, AT HIfit% 3 EIFaﬁO)@F‘an BN
THBE RO NEZBD Sz (F=18.01, p<0.001, F=9.561, p<0.001), BINHHHK
R LB Lo m B L R TETORER A TEETH Y | IR OERA
BILEETH-o 7= (t=—2.229, p=0.033), InLF. InHF 3818 3K o U FE AT R
#BEBLCHER LA TRIZRD 221 -72 (F=1.286, p=0.265, F=0.495, p=0.856)
DITHRE L, BINEREENA 28 TIEA BRI EENRD bz (F=5.426, p<0.001,
F=2.829, p=0.006), BINEHEOFEIZ LS InLF, InHF OFE R E TR oTz,

(2) ERWEZEE (VAS)

X, BEIRTE R (VAS) OFEHMED 60 SANMORE (n=15), 60 ALl EO#E (n=17)
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EBHIT, iR BE 3 AMOBIRICIH W THEZRRRNELNRD bivle (F=14.495,
p<0.001, F=12.298,p<0.001), HERGEE (VAS) OFEEMEN 60 mATHORIL, 60 AL
FOBICHARTHEIZEWMELZ R TEY . IRY AROENAFEICE -T2 (t=2.222, p=
0.034), InLF %, MEARGGZE (VAS) OFHEED 60 sl DR (n=15). 60 mLL EORE
b, BERREBNZELNRD 5= (F=3.691,p=0.001, F=2.378, p=0.020), HEAR
JE (VAS) 12X 5 InLF OfFERZE T o=, InHF X, Eb50ELHEER EAST
B3R b o7 (F=0.753,p=0.645. F=1.462, p=0.177), BEAREE (VAS) 2
£ % InHF O ERAET 2> T,

3) ABERIDAETEEIE L OBE

ABERTOATEEE &0tk BAEMRIGENE OBEA % 5 IR LT,

(1) ABEal D BLE R

HR /%, 0 REL D ATICHEE LTV 28 (n=25), BERMA 0 RLIBEORE (n=7) & HIZ,
R BT 3 B OBIMICH W TH BRI ® Sz (f=177.034, p<0.001,
' =238.002, p<0.001), 0 XV BNCEEE L CWAEEE, AT SHY I E5 L%
EITRIX NV TRIE L TV D DK L, 0 FELIREICHEE LT 2 BE T Y B LU O RRIRF) 72
EEPREVH RN Do T2, 72, BRERMZ 0 RLUBEORIEZ, 0 FFLVATNIZHEL TWD
BRI AN THENER A TEWVEZ R L TE Y, itk 1 A E#»OHE 3 A HRIICHREICH
i ¢dh - 7= (U=41.5,p=0.036, U=22, p=0.003, U=37, p=0.021, U=40.5, p=0.032, U=32,
p=0.011), InLF %, sEERRIAS 0 B L 0 BIOBECITA E R RFHZ(NRBD b (=
16.823, p=0.032) 728, O BFLIRRICHEE L CWABETIZAE R LR TRIZZERD b o
7= (6*=13.067, p=0.11), O FELIFRICEEE LTV D BT 0 FE L 0 BTICEEE L TV D5
IZHA BHEERR TIRETH D | % 1 B BRICABIZIEfE TH > 72 (U=35,p=0.017),
InHF 13, sEERR 0 BE X 0 ATORECITA BRI RO bl (=17.461,p=
0.026) 7%, 0 BFLIRICHE L TV OB TIIAER LRSS TRIZRD bR -T2 (=
12.622,p=0.126),0 R LIBEIZ8EEE L CWO D EEIE 0 FE L D ACHEE L TV D RREF T,
FHEREA TR THY | 5% 1 A ERICAREICRETH -7 (U=32, p=0.011),

(2) ABEriD AR OFAIM:

REND D, RERFFIC 1R EO X LN H 556 % RFERFRAAHA] & L7z, HR
X, ABERIOBRFRHMA AR THLEE (n=6), HAMWTH D (n=26) & LRI, S
% 3 B ORIV TH E IR (L3 FR D BT (f =87.27, p<0.001, > =25.408,
p=0.001), APRERiO&FRM A RBATH 2 BT, BRI TH 2B LR TE B ER ST
RETH Y, firaisl & i 3 B BRICARIZIRME TH -7z (U=34.5, p=0.035, U=34,
p=0.033), InLF i&., AFEFARAGTH HRHCITA E RN RD b (P =
29.767, p<0.001) 23, FAHHITH HBHCITAE 2 EF°TRIZED bied -7 (=11.84,
p=0.158), APLRIO B FEREF N AHETH 5 x58E 1L, BRFERMIHITH 53481
A~ IS AR ZBR 2 TORER R TEVMEZ /R L TEB Y, IFE 3 HERICARICEHE
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%k LTz (U=36,p=0.043), InHF I%, BFREFA BN TH 5B I3 B AR A L)
ROLNED (¥=26.811,p=0.001), FHAITHHHETIIAE R LASLTRIZRD Sh A
ol (f=38.467, p=0.902), APERiOARFERIA R TH DL, & FRERD 2SI
ThHIICHR, FHUERSATEVWVEZRLTEY, % 3 HERICHEEICEMEEZ R LT
(U=32, p=0.026).

Z %

1) FINBEE SHEOHENER L OBE

PRI &5 HR, HAAEMRIGEENC IR0 - 7, FHEDS 2013, 20 AR5 70 i LL B o
3 O & BARRIE B A RA L7oRE R, 60 L IR O A oM IT R L &
WL TWD, AT, JBITHFE 25 201280 DA BHREICIIMEE TR D b &
WS TW5S, KFEORRIT 65U ETH Y, D%k, BHEMRIEE & b EITIED
FERE—HLTRY, IEICBWTHHERNC LD HR, BHMRIEENICAEITRNWI L3RS
i,

AWFFEIZIBNT, BMIIZ LD HR & BRI EI OB 5 23258 W TR O bivie o1z,
RRAPRIG B OTLE M B LA Z R v 7 v Fa—L 2 AT 5HREICROOLND
FrgCh v | milER X O 2 H T 2 X8H BT 5 2B RIEE L ORI, Mtk
J OV BMI DRSS & B30 B LT 5 20, DAEIc BV Tk, BMI< 25 kg/m2 O FEHE
BEDOFNEETH 2803 % Y . BMI=25 kg/m2 O IEHE CASREARRR O L ITER D & 1173
3o e, ARBFFED G GE \IT@EE AR IEH OF TR 59, MifkicB VT h B ARG 2
ERIES o2 mREEN S D,

=iz X2 HR & BHEAMRIEE CTIX, AERE %wgn@ﬂotcﬁﬁﬁfﬂ%&u
7= 3 SOMiRIX, FITRERSOINERAE, 7% F L — I X 28R E R & FIRR IS E VA
b %728 | itk D HR <0 B ARG E OHERS ORFEN 72 5 & TRIL 7223, 21T o 7z,
Flo, FHEFINAZZ T -EBENE 3 HHME TR EZHFP/LETHY | B LIREIC X
% 24 W] OATR U X AR T W E g Sz, Lav L, ARiFgEicis VWi, B
Fifi 22 T 72 BE TITH MRS B O ZRITR O e o 1o,

Z LTI T LR OFE W X0 itk © HR OHEBIZE TN RO H iz, 17:00
235 20:30 OFFMIHHCFREESHE T L2 BEIE 10:30 705 13:30 ORFRIHFICHRERINFE T L= BE
IZHART M2 1 BH# L% 3 FHOHB LOKICHR RNAEICEME TH -7, 13:30 £

(IR 4 T3 2 I, TR 2 2 5 £ CORMNR+2I1I2H 0 IFY HDOY HFh b
ﬁ%%%kﬁé%Aﬁgwtw\?ﬁ%f%of%ﬁ%%ﬁ%ﬂﬁﬁk@ﬁ@géﬁﬂf
LEFEZ DN D D, TSk LT, 17:00 ARRIZHRERASHE T3 2 FBH T, B EED
T TN LR Enb, BRERBIITHEA OBLBETH Y | BRE~O RS2V F F 1
SRR AZZ 2 Z ERFEAETHD, RIUFFRITIBWNT 17:00 726 20:30 DR H I FRET:
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DT LIZBETHiR D HR BEfECh oo me LT, Al D X5 2P MY AWMLY
MBH L TWD Z ERHERIN DY, AL TIXEAMRIEE & OBEITRO N TEDH
T R A T E S 2R,

2) BEARMGROEE. BEIRWEEE L OBE

Chang?® b %, JEEFIE O BF I T 2L & OAES) & ORfRIZ OV T, i A
DT T F 1 7 27—/ (Visual Analog Scale (VAS) ) Offi & LF [ZIZE OGN H
ST EWELTEY | ERATRNTE LF HREIC/R D Z L 2REB LTV D, AIFRIZEN
T, EHOMSIZL S InLF O2IFERH TE 5T, Chang b OWFFEREFR & 1T B Lien
ST, RWFFRORIRE L, ERBEOEMUFIC L 2Ry b — BB THY | BN
TREE DA ECEIFORRE 2 7L L7272 BEEMRIEE) & O RE 58D b 7gns o 72 ThE
PEMZZ BILD, B, IERERBRD - B CIffATEIC HR DA REICEE CTh o722 &
XL AT LERERIR R & OB HER I D,

EAR & B ARG ENCIXBEH N B 0 | IR P2 1T, ARG B DK T & 2K EAPRIE
O Lo TLHBPME T T2 102 LRI TS, BAREMKRITENICAHTHZ X 7-7
& B OMEIR T b L& 2, MEREEE (VAS) & OBEZ MG L7ay, MR 2 B
2 X% HR, HAMIRITENCH SR i3 e 1o, RAFZEIZE W TIEL, VAS W T E#
72 BEIR OE 2 HE L=, SBROWETIET 7 F7 7 75O KRB & Gbd CAH/R
PGS & OBE A METT 2 LE R H D,

3) ABERiDAEEEE & DREE

ABERTO L E R R F M 72 E O ATEEE T, BEOERY XL ZBEL LD THY |
HEMRIEE~ DR BN H D &5 2, BEZ MG Lo, RIS O NRERNBD bT-D
%, ABERTOREERFRI A 0 KL ORETH - 72, ABEATOBEERRI Y 0 ReLABEOREIL 0 I
FVANCHE L TV BEITH T HR BA&HER S CTEVVELZ R L TEBY, it 1 BE
M Biit: 3 H BERICARICEM Th > 72, BFEMIEENL, 1% 1 A B&IZ InLF B8 LW
InHF OFBERIETRBDOONTWD, ZOZ &L, ABERIOBEREZ D 0 FELEORET
% 1 B H ORICRIZZEMRIEBIME T 92 2 E A O N2 0 . APLET o EIRE 1E 2
firte oo B AR RRIEE) & BIE$ 5 2 L VRIS T,
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& 3 FHrREE% HGH O SR Re DB, BRGS0 B (n=32)

flaii

flr A

i1 H A

k2B A

flF%3H A

WK e
g weatit(F)  p
. . . . . P
) % % Ll % ) % Ll w D
% (0=9) 63.9+935 62.6+6.42 70.849.61 76.3+11.20 75.1+12.08 77.1£14.45 79.2£1420 72.2+12.03 73.4+10.09 16.6  9.503 0
HR (bpm)
Ix (1=23) 67.3+7.97 66.8+7.60 73.9+11.35 74.4:9.82 80.1+12.38 78.2=11.17 79.8+11.93 76.6+10.13 76.0£10.95 13.0  17.154 0
B (n=9) 4324142 4.84+1.57 3.85£128 3.91£1.02 4.04+126 3.95+1.71 3.69+0.91 4.64+1.59 412152 12 2.187  0.090
PRI ILF (ms®)
L (0=23) 447£1.15 490£1.19 4.52£1.40 4.02£127 4.01£130 3.92+1.46 3.88+1.15 3.94x1.30 3.92+121 1.0 3420 0.001
% (n=9) 4.01£1.27 4.15£1.34 3.89+125 3.87x1.74 3.99+1.79 3.97+1.85 3.67+1.69 4.30+1.83 3.97x1.56 0.6 0266 0975
IHF (ms®)
e (n=23) 4724122 5.09+1.21 493133 448117 436+1.84 450+1.73 432+1.66 445145 434135 08 1735 0.094
*
HR (bprm) <25(=18)  68.9+7.58 67.4+6.42 73.9+10.04 75.4+10.46 81.9+12.99 81.3£12.38 81.9£12.75 78.6+10.99 77.7+11.09 145 15525 0
=25(=14)  63.148.46 6324820 71.8+12.04 74.4%9.92 74.6+10.40 73.4:11.09 76.7£11.67 71.2+9.02 722+9.47 13.6 11.802 0
*
BML )y <25(=18) 421072 4.58+1.16 4.12+1.11 3.82+0.81 3.71=1.14 3.73%129 3.61+091 3.711.23 3.75+1.13 10 2830  0.007
Z25(=14)  4.69+1.65 5244138 4.60+£1.67 421£1.56 442134 4.18+1.76 4.11+123 4.69+1.45 427144 1.1 2023 0.052
<25(=18)  4.13+0.60 4.57+1.02 4.50+1.28 4.16+1.31 3.99+1.70 4.23+1.62 3.94+1.50 3.96+1.34 3.90+1.15 0.7 1.198 0318
InHF (ms”)
=25(=14)  4.99+1.70 5.12+1.56 4.81+1.51 4.50=144 4.59£1.94 4.50£1.96 439+1.89 4.99+1.63 4.68+1.60 0.7 0810 0596
TKA, UKA (n=11) 61.1£5.51 64.5£7.38 72.7412.24 69.5£9.14 75.6+11.30 72.5+948 74.4+952 68.8+8.15 69.5:7.47 145  8.045 0
HR (bpm) THA (n=10)  67.849.76 66.748.92 7294934 76.5£9.66 79.5+15.67 82.1:11.86 82.9+13.84 78.9+£12.68 79.2+12.95 162  11.928 0
Spine (n=11)  69.4+7.90 65.7+6.54 73.4+11.62 79.049.67 81.1=1021 79.5+14.16 81.9+12.83 78.7+843 77.629.17 162  9.657 0
TKA, UKA (n=11) 4.13£0.65 4.43+1.10 3.80+1.03 3.85:0.50 3.89+1.30 4.09+1.57 3.78+0.92 4.17+135 3.97+0.95 0.7 0958 0476
i WLF (ms?) THA (n=10)  4.24+1.03 5.25+1.32 4.54+1.48 3.88+0.75 3.66+0.80 3.56+1.30 4.00£1.05 3.85+1.59 3.67+1.64 1.7 2629 0015
Spine (=11)  4.90£1.70 5.14+1.41 4.661.55 4.22+1.89 4.46x1.53 4.11+1.69 3.72+1.31 436+1.34 426£126 14 2437 0074
TKA, UKA (n=11) 4.57£0.96 4.44+1.06 437+1.46 4.41:0.66 441195 4.42+197 4.40+1.40 481+142 4.11x083 07 0831 0578
InHF (ms”) THA n=10)  4.14£0.93 523142 5.07+1.41 4.14+125 3.96+0.99 3.96+1.43 421184 4.00£1.58 3.79+1.59 14 1.675  0.195
Spine (n=11) 4.79£1.76  5.05+1.55 4.51£129 437+1.95 437+229 4.63+1.88 3.81£1.85 4.38+1.64 4.78+1.59 12 0.958  0.448
T T.o1 N T T T T8 T8
D1030~13:30
(1) 613+5.97 61.4+6.89 703+11.95 67.7£8.67 69.5+8.57 683+7.86 69.749.09 66.0+6.66 66.5£6.25 9 6.682  0.001
HR (bpm) ~ @13:30~17:00
(13) 7054827 70.645.99 78.2+7.55 79.0£9.38 86.2+11.19 84.9+9.75 87.1x11.24 81.6+9.31 82.0£9.97 16.6 12.4 0
@)17:00~2030 -
r8) 66.5+8.32 63.3+5.87 683+11.37 78.3%8.15 79.4+10.68 79.6+13.38 81.149.16 78.148.66 76.6+8.05 17.8 42.139% 0
1030~1330
11) 435£0.87 4.55+1.00 4.12+140 4.02+0.86 4.21+134 4.10+1.53 4.06+1.14 4.11£129 400096 06 0762  0.637
RS T o 1330~1700
B ILF (ms®) (13) 4.64+1.17 5.04+1.41 445£1.32 4.01£125 4.10+1.39 3.93+1.53 3.66£1.06 4.12+149 3.77+137 14 2545 0015
17:00~2030 «
8 4124174 5.08+1.51 4.41£1.60 3.91x1.60 3.62+0.98 3.69+1.61 3.79£1.09 421157 4.29+1.60 1.5  9.029% 0.340
10:30~1330
1) 4.62+1.06 4.59+1.12 4.54£1.51 4.42+1.00 4.85:1.75 4.83+1.96 4.81+1.50 4.81x144 4.16x1.00 0.7 0521  0.837
) 13:30~17:00
InHF (ms”) (13) 461123 487+1.33 4732127 423107 3.99+1.93 4.17+1.53 3.75£1.77 4.13+1.62 3.98t1.41 1.1 1.182 0319
17:00~2030 «
9 4.13+1.65 5.04+1.58 4.62+1.52 4.29+2.16 3.85:1.66 3.97+1.88 3.84+1.63 4.32+1.60 4.78x1.82 12  9562% 0297

Data are mean+SD LF: Low Frequency, HF: High Frequency
i ST Sy BT (FI) % : Feedman i (1)
* 2B AR E, BMI<25kg/m’ vs Z25kg/m’, p<0.05

2 ICBLE S AT, BRITAE T REHO vs @, p<0.05, §: —JCRLES BT, BRFEE T IO vs @), p<0.05, §: —JChLiE 5y sy
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KA WtE, HEIREE (VAS) &0a3, B RIS )& O BIE (n=32)

imi e itz1A A itk2 B A i3 A A T,
L L L L L P WLATEL P
i # % il # i # i Ao
@]
14.9 18.01 0
HR (bpm) £ (n=22) 66.9+7.40 67.5+7.47 73.5+11.78 75.6+10.27 80.8+12.22 78.2+11.85 81.8+12.28 77.4+9.84 76.3+10.57
4 (n=10) 65.1£10.55 61.5£5.78 72.0+8.87 73.5+10.02 74.2£11.88 77.1+13.91 74.8+11.75 70.9+11.64 73.1£10.95 15.6 9.561 0
SE NS K A (n=22) 4.51+1.25 5.10£1.22 4.56+1.36 4.11£1.28 3.96+1.31 4.01£1.53 3.85+1.08 3.97+1.23 3.85+1.19 1.3 5.426 0
OATHE  ILF (ms’)
M (n=10) 4.24+1.19 4.42£136 3.80+1.35 3.73£0.97 4.14+1.23 3.76+1.53 3.78x1.13 4.52+1.71 4.26+1.49 0.8 1.286 0.265
A (n=22) 4.70+1.19 4.97+£1.21 4.93+1.31 4.34+130 4.12+1.71 4.43+1.74 4.02+1.69 4.29+1.39 4.22+1.22 1.0 2.829 0.006
InHF (ms’)
M (n=10) 4.10£1.36 4.50+1.47 3.99+£1.36 4.24+1.53 4.54£2.06 4.17+1.85 4.39£1.70 4.66+1.88 4.27+1.80 0.7 0.495 0.856
A
17.8 14.495 0
HR (bpm) <60 (n=15) 68.2+8.72 65.6+7.94 77.3+11.44 77.3+12.36 82.9+14.17 80.6+15.49 83.4+15.16 78.3+11.71 77.6+12.33
=60 (n=17) 64.7£7.95 65.6£7.22 69.2£8.98 72.9£7.31 75.1£9.38 75.5£8.40 76.3+8.39 72.8+9.30 73.3+8.73 11.6 12.298 0
B <60 (n=15) 4.63£0.90 5.11x1.21 4.22+1.13 3.76+1.05 4.27£1.36 3.97+1.59 3.63£1.05 4.42+1.15 4.23x1.14 1.5 3.691 0.001
VAS)  ILF (ms’)
=60 (n=17) 4.26£1.42 4.69+1.35 4.42+1.60 4.20+1.30 3.79+1.16 3.90+1.48 4.01x1.10 3.89+1.58 3.75+1.39 0.9 2.378 0.020
<60 (n=15) 4.45£0.85 4.76x1.14 4.52£1.24 4.13£1.37 4.34+2.07 4.48+1.94 3.80+1.62 4.49+1.53 4.44+1.28 1.0 0.753 0.645
InHF (ms®)
=60 (n=17) 4.54£1.53 4.87+1.45 4.74£1.51 4.47+1.37 4.18+1.60 4.23+1.62 4.43£1.71 4.34x1.59 4.06£1.51 0.8 1.462 0.177

Data are meantSD  LF: Low Frequency, HF: High Frequency, LF/HF: Ratio of LF and HF
i OB E Sy b (Fi)
O 26EAMRE, IBIMETHIEA vs fE, p<0.05
O 2BEARURE, MERTH 22 (VAS) <6047 vs Z 60,4, p<0.05

RS ABTAIOATEEMRL O A AREEY L OB (n=32)

i 4R WELA A W2 A A WEIBH  ma . ..
B o L B . B L B e g T EOOT P
L % " i [ L [ i w =
[m) O [m] [m] [m) »
HR by TRV (925) 630860 620470 720470 T10STS T30480 TA06S T60:75 720480 720470 4 710347 0
pm,
OFELIFE (n=7)  71.0£3.75 69.0+3.25 82.0+12.50 87.0+8.50 93.0+5.25 85.0+8.00 93.047.75 83.0+46.25 81.0+45.50 24  38002% 0
O
o 14 16823 0.032
. 2 OFREVRT (1225) 4.4040.55 5.07+0.69 4294110 3.74£0.59 4.06+1.01 3.87+0.79 3.69+0.83 4.44+1.13 3.83+0.66
BEEERER] LR (ms”)
OFELIE (n=7) 3.97+0.55 4.37+£0.89 3.88£0.67 3.35£0.50 3.22£0.32 3.48+0.76 3.67+0.50 3.41+0.18 3.78:0.57 12  13.067  0.11
m]
b ety OO (1725) 4.5450.79 5.142079 5.001120 4.380.98 45040.86 4764109 4642137 416125 420086 Lo 174610026
ms
OFFLAME (n=7) 3.80£0.22 4.33£1.05 3.86+1.08 4.19£0.83 2.58+0.86 3.00+0.55 3.16+0.26 3.92+0.12 3.79+048 1.8  12.622  0.126
[ ] [ ] -
HR (o POV (1726) 66.557.00 66.555.50 75.0£10.13 73.557.50 79.086.88 77.047.00 809,88 T6.0+7.88 77.0+6.63 B 8727 0
FHB (=6)  60.0£4.50 59.5+7.13 69.0£5.25 71.044.63 73.0410.38 69.547.13 73.0£3.00 69.5+6.25 68.0:2.13 135  25408%  0.001
[ )
S EAIE
s bLp sty D 126) 42340.58 5044073 4155107 373053 3762078 376+0.86 3.6340.96 3834099 3.59:0.62 L5 297670
ms
STI
A FHR (n=6) 4.38£0.16 5.55+0.68 4.04+0.81 3.77+0.68 3.97+0.74 421+1.07 4.114024 521120 524+0.89 1.8 1184  0.158
[ ]
18 26811  0.001
i ety U (126) 4384093 S.09:081 4784108 432095 43040.95 4154120 3342122 394092 3774084
ms
FHEN (-6)  4.22£0.51 5.2041.25 4.84%1.12 4.47£0.67 4.81+1.08 4.4441.45 4.97£0.92 4.49+1.28 4.80£0.80 1.0 3467 0902

Data are median+QD LF: Low Frequency, HF: High Frequency, LF/HF: Ratio of LF and HF 3%t 3+ : Friedmantfi i (x* i)
[0 : Mann-Whitny U &, ABE AT 5E B RE[F0RE LD Hif vs ORFLARE, p<0.05
@ : Mann-Whitny UK &, ABERTORFREFEFLAE vs REHI, p<0.05 AR RANHD, FIX1RFLL EXL 2385
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3. BEASIREEREAEDOTAEREL DL, HEMRIES
BIOERERE OREE

R

1) W AREREL LA, BEMREE L OBE (X 6)

WHEAEEIIE Lo 728 (n=29) TiX HR, InLF, InHF £ TIZBW\THERR
BRAOZAEANERD BTz (x*=105.680, p<0.001, 3°=23.684, p=0.003, y°=18.193, p=0.020)

DIZxF L, it AR ERIE L2 (n=3) TILHR, InLF, InHF 2 TIZBWV THERRE
R ZE(LIZ 7R o 2 (¥ =12.597, p=0.126, %*=8.800, p=0.359, x*=7.333,p=0.395), ffi
BEALERIEOHFEIZL D HR 3 L O InLF, InHF O E 2 2ITRBO b ho Tz,

2) WREAERELIFGERORE (VAS), MERMmEE (VAS) LoBE (£7)

FTRTOBEREAUTEB T, Hith T A ERIE DG MIZ L 50 VAS - BEIRTE A E VAS O
HICHBERETRD N7,

3) T AERIELRKRERE L OBE (X 8)

it A= a2 RIE LI BHI T A E2RIE Lie o T BEIC AT, WY AR L itk 3 A A
HOKENAEICEB TH -7 (U=8, p=0.014, U=12.5, p=0.024), FEEAZRIEOH

ICX AR, BE, FIZETRD T,

4) e AERE L ABROEEEE GLERME. RFEREOHRRIME) & oBE

(%9)

Wit A BLRIEDOF B & ABTATOsRERH (REREHIAY 0 RELAKEDS 0 BE X D DY) &
IO A E R BEIERD b o7 (*=0.254, p=0.536), F7-. Hlitht A SERAE DA M
BRI O AR FRMOBEANE L ORICHAERBEIZRD bRz (¥=0.462, p=
0.476),

Z %

TATHFZEIC BN T, BARDFIERLEIECIITIEIRCIEE OV X LD S FEL TWHD
EMRIBENTEY, FAZEORESCEHIEIZITAEMRIEEOZFABEE L TndH 2 en
LS Tz, £ 2T IR ASEIRIE PRI RN R B E SR TIE BT 2 12D O ST
— X &y H T & Ak B, BIESVEHIT L Ml s OF AEIRIE L HR, HAMRIEE R LU
BRER L OBEIZ W TR LT,

FT. R TAZREOHA MLV HR, ARG ERH 20 ERF L2, AR
FEIIBD LN o, T, WEERICOWT b, R ER O ECIEIRGEE, 8LV
ABERT OB RER, REREF ORI & ORE RO b lo, AR TIHMiGEEAE
FIEMN 3 BIOHTH Y | B ZRFT HIIE R+ TH O ma T I E S 20, Ll
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RS NBREAZERIE L7272 ToBETIE HR 36 L OB B RIE B B R BRI 281K 23
R BT DI L i AR 2 J8E L7 Tld HR 36 K OVH AR IE B2 A7 B 2 ik iy
AT 2o T, IRBREAZZRIE LZBRICIT B RMRIER ORIFICERZ o3 2 &0
BRSNS, SRIEFIEEZEL L, FFMRRR 2T 5 2 ENBETH D,
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£ 6 kT AERIE L Ok, BHEEEE) & OBE (n=32)

L (T=RE| %18 B itk 28 B it3A B B oo
L L L L L IR weETE () p
) 7% % ] 7% # 7% ] . EDin
A (m=3) 720433 73.0£3.5 80.0£5.5 83.0+2.3 80.0+2.8 74.0+4.5 76.0£2.5 79.0+1.3  76.0+2.8 11 12.597 0.126
HR (bpm)
#E (1=29) 63.0£6.0 66.0+£5.5 72.049.5 71.0£7.5 77.0£9.0 76.0+7.5 77.0+10.0 73.0£8.5 72.0+7.5 14 105.680 0
A (m=3) 5.40+0.75 5.59+0.41 5.88+0.84 3.34+1.43 2.83+1.23 3.48+1.39 3.89+0.87 3.41+1.05 4.24+1.42 3.1 8.800 0.359
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Evidence regarding nursing support for delirium prevention is currently insufficient. An evaluation of
changes in autonomic nervous activity over time after surgery would elucidate the features of autonomic
nervous activity in patients with delirium. These results could provide a basis for effective nursing
intervention and timing for preventing the onset of delirium. Here, we aimed to obtain basic data on effective
nursing interventions for preventing the onset of postoperative delirium.

Heart rate variability was recorded during the morning and nighttime on the day before surgery until
3 days postoperatively in elderly patients who underwent orthopedic surgery to investigate the manner in
which heart rate and autonomic nervous activity changed over time. Data were collected over 11 months
from July 2013 to November 2014.

Surgical stress led to the maintenance of heart rate at a significantly higher value from the day of the
surgery until postoperative day 3 compared to that before surgery. Moreover, the autonomic nervous
activity remained unchanged during the morning, and it was significantly lower during the night from
postoperative day 1 until postoperative day 3 than before the surgery.

These results suggest that there is a decrease in parasympathetic nervous activity during the nighttime
postoperatively.

INTRODUCTION

Owing to the aging of the population and advances in medical technology, the number of elderly individuals
undergoing highly invasive surgical procedures is increasing in Japan. (1) Postoperative delirium is a commonly
observed complication after surgery in elderly patients. Fong et al. (2) indicated that postoperative delirium occurs
in 15-53% of surgical patients aged >65 years, and in 70-87% of elderly patients admitted to an intensive care
unit (ICU). Whitlock et al. (3) reported that delirium is associated with an increased duration of mechanical
ventilation and ICU and hospital stay, as well as functional decline. Furthermore, delirium has been found to be
related to an increase in the mortality rate and medical costs. Delirium can also be problematic in terms of nursing
care, as the corresponding cognitive decline can lead to accidents such as falls and tumbles, or the removal of lines
(i.e., intravenous lines, surgical drains, or urethral catheters). The postoperative environment and postoperative
medication regimen are usually adjusted to prevent delirium and promote earlier withdrawal. However, current
evidence regarding nursing support for delirium prevention is currently insufficient (4).

Circadian rhythm disorders (sleep disorders) are one of the main symptoms of delirium (5). Inouye et al. (6)
adopted a six-item preventive intervention, including interventions for sleep deprivation and immobility, and they
observed that the incidence of delirium was significantly lower in the intervention group than in the usual-care
group. Moreover, Shigeta et al. (7) reported abnormal melatonin secretion in patients with delirium postoperatively.
These studies indicated that changes in the life rhythm affect the onset and severity of delirium. Ono et al. (8) used
bright light therapy and autonomic nervous activity as one of the indicators to verify its usefulness in patients after
esophagectomy; they found that bright light therapy adjusted the sleep-wakefulness cycle, and they suggested that
this therapy could also prevent delirium. On the basis of these findings, we hypothesized that the modulation of
autonomic nervous activity is associated with delirium onset and severity.

The measurement of heart rate variability (HRV) is useful for assessing the function of the autonomic nervous
system and the staging of clinical diseases (9). Akselrod et al. (10) reported that HRV can be used to noninvasively
assess the autonomic nervous system, and power spectrum analysis of HRV offers a quantitative evaluation of the
functioning of the sympathetic and parasympathetic nervous systems, which are involved in short-term
cardiovascular control. When an individual experiences surgical stress, the sympathetic nerves are stimulated to
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maintain the body’s homeostatic balance. Due to such stimulation, the heart rate (HR) increases and peripheral
vasoconstriction occurs, which consequently increases the blood pressure (11). Furthermore, aging has been found
to be associated with a decrease in cardiac vagal activity (12) as well as a reduction in the amplitude of HRV
(13,14). Therefore, we think that elderly individuals would be more likely to experience an imbalance in autonomic
nervous activity because of surgical stress and to develop dysautonomia symptoms such as irritability and insomnia.
Several studies have described the conditions underlying postoperative autonomic neuropathy. Zang et al. (15)
reported that nighttime autonomic nervous activity on postoperative day 1 and day 2 in elderly patients was
significantly lower than that preoperatively. Hansen et al. (16) also described a decrease in nighttime
parasympathetic nervous activity after breast cancer surgery. However, these studies only investigated the
condition during the nighttime, and to our knowledge, no study has conducted a continuous observation during the
daytime as well.

An evaluation of changes in autonomic nervous activity over time after surgery can help elucidate the features
of autonomic nervous activity in patients with delirium. The results could also provide a basis for effective nursing
intervention and timing of the intervention to prevent delirium onset. Here, we aimed to clarify changes in the HR
and autonomic nervous activity over time in elderly patients who have undergone orthopedic surgery.

MATERIALS AND METHODS

Participants

We enrolled 49 subjects hospitalized in the orthopedic ward of hospital A; they were aged >65 years and were
scheduled to undergo total knee arthroplasty, unicompartmental knee arthroplasty, total hip arthroplasty, or spinal
surgery.

Patients taking B-blockers, patients with a cerebrovascular disease (in cases of autonomic neuropathy), and
patients diagnosed as having diabetes were excluded from the present study, as these conditions would affect their
autonomic nervous activity. Additionally, patients who found it difficult to follow instructions (e.g., those with
dementia) were also excluded. Informed consent was obtained from all patients before study participation.

Setting

Data were collected over 11 months from July 2013 to November 2014. As postoperative delirium peaked
between 1 and 3 days postoperatively, as reported by Whitlock et al. (3), we performed the survey 1 day before,
on the day of, and 3 days postoperatively.

Data collection

Electrocardiography (ECG) recordings (FX-8222, CardiMax, Fukuda Denshi, Japan) were obtained for 200
heartbeats by using a lead II channel system. The average HR and R-R intervals were calculated from the ECG
findings. Spectral analysis of HRV was performed by using the fast Fourier transform system (LabVIEW, National
Instruments, Tokyo, Japan). The spectral bands used were 0.15-0.40 Hz (high-frequency component; HF) and
0.04-0.15 Hz (low-frequency component; LF). Considering the burden the measurements would place on the
patients, we used an intermittent measurement method.

The investigators (nurses) visited patients twice per day at 10:00 and 20:00. Measurements were performed in
the patient’s room while the patients were placed in the decubitus position, after approximately 15 minutes of bed
rest. Subjects abstained from consuming beverages containing caffeine for at least 3 hours before the
measurements were taken, and the measurements were performed at an interval of at least 2 hours after a meal was
consumed. To ensure that the assessment distinguished cardiac vagal activity from sympathetic nervous activity,
the respiratory rate was simultaneously confirmed to be at least 9/min (or a frequency of at least 0.15 Hz, which is
the limiting transmittable frequency for sympathetic nerves). During the measurement, the air temperature and
humidity were similar to those in the in-hospital environment; the sound and lighting conditions during each
measurement were recorded.

As LF and HF data are not normally distributed, data were converted into the natural logarithm (In) before
analysis. Pomeranz et al. (17) found that the LF component represents the activity of the sympathetic and
parasympathetic nervous system, whereas the HF component represents the activity of the parasympathetic
nervous system alone. The maximum variation was determined by subtracting the minimum value (mean value)
from the maximum value (mean value), which also indicates the fluctuation range.

Patients’ background
Delirium was defined using the Japanese version of the NEECHAM confusion scale (18). Nurses performed
assessments for delirium during routine nursing care. In addition, sleep satisfaction and perceived pain were
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assessed by using the Visual Analog Scale by the investigators (nurses). Sleep satisfaction was measured at 10:00.
Delirium and perceived pain were measured at 10:00 and 20:00.

Information on patients’ age, sex, anamnesis, diagnoses, and surgical procedures were collected from the their
medical records.

Data analysis

Repeated-measures analysis of variance (ANOVA; F-value) was used to investigate the manner in which HR
and autonomic nervous activity changed over time postoperatively. The Mauchly sphericity test was also
conducted to verify the equality of variance for the ANOVA; if a significant result was found, the Greenhouse-
Geisser correction was applied. In addition, the Tukey test was used for post hoc analysis. IBM SPSS, version 21
for Windows (IBM Corp., Armonk, NY, USA) was used to perform statistical analysis, and the level of
significance was set at 5%.

Ethical considerations

The present study was approved by the ethics committee of the Kobe University Graduate School of Health
Sciences (approval number: 227). The protocol followed the guidelines of the Declaration of Helsinki. Permission
was obtained from attending physicians regarding patients’ suitability for study participation. After providing the
subjects with verbal and written explanations of the study objectives and research methods, written consent was
obtained. The survey was conducted in coordination with the nurses to avoid interfering with rehabilitation,
examination, and other aspects of patient therapy.

RESULTS

Patients’ demographic and clinical characteristics

Table I presents data on patients’ demographic and clinical characteristics. Forty-nine patients provided
informed consent and were permitted by their primary physician to participate in this study. Of 49 patients, we
excluded 4 with diabetes and 13 with missing values. Thus, 32 patients were included in the final analysis. Patients’
mean age was 74.4 + 5.7 years (9 men and 23 women), and their average body mass index was 24.8 + 3.0 kg/m”>.
Of all the subjects, 3 had delirium. All patients were treated with routine pain medication.

Changes in HR and autonomic nervous activity over time in elderly patients after orthopedic surgery

Table II indicates changes in the HR and autonomic nervous activity over time in elderly patients who had
undergone orthopedic surgery. The HR increased from the night before the surgery (65.6 £ 7.4 beats/min) to the
night on the day of surgery (73.0 + 10.8 beats/min); the HR continued to gradually increase thereafter, and it
peaked on the night of postoperative day 2 (79.6 + 12.4 beats/min) and then gradually decreased. The change in
HR from before the surgery to 3 days postoperatively was significant (F = 25.592, p < 0.001), and the HR was
significantly higher from the night of the day of surgery until the night of postoperative day 3 than before the
surgery (p < 0.001). The InLF increased and peaked from the morning before the surgery (4.4 + 1.2 ms?) to the
night before the surgery (4.9 = 1.3 ms’), after which it remained constant at a lower value than that before the
surgery. The change in InLF from before the surgery to 3 days after the surgery was significant (F = 4.151, p <
0.001), and the InLF values were significantly lower from the morning of postoperative day 1 until the night of
postoperative day 3 than on the night before the surgery (p = 0.001-0.028). The InHF also increased and peaked
from the morning before the surgery (4.5 + 1.3 ms?) to the night before the surgery (4.9 + 1.4 ms®), and then it
remained constant at a lower value than that before the surgery; however, the difference in the InHF values during
this period was not significant (F = 1.401, p =0.197).
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Table 1. Patients’ demographic and clinical characteristics
Total (n = 32)

Age (years) Mean 74.4
SD 5.7
Sex (male/female) 9/23
Body mass index (kg/m’) Mean 24.8
SD 3
Body temperature (°C) Mean 36.3
SD 0.6
bSBP (mmHg) Mean 117.7
SD 13.5
bDBP (mmHg) Mean 62.6
SD 6.8
Hb (g/dL) Mean 12.4
SD 1.3
WBC (x10%/uL) Mean 54.5
SD 11.4
CRP (mg/dL) Mean 0.129
SD 0.142
Surgical procedure
TKA and UKA 11
THA 10
Spinal surgery 11
Duration of anesthesia (min) Mean 224.2
SD 82.8
Drainage volume (mL) Mean 314.4
SD 285.3
Delirium
Yes 3
No 29

Notes: TK A=total knee arthroplasty,
UKA=unicompartmental knee arthroplasty,
THA=total hip arthroplasty,
bSBP=brachial systolic blood pressure,
bDBP=brachial diastolic blood pressure,
Hb=hemoglobin, WBC=white blood cell,
CRP=C-reactive protein

Table II. Changes in heart rate and autonomic nervous activity from before surgery to postoperative day 3 in
elderly patients who had undergone orthopedic surgery

Preoperative day Surgery day POD1 POD2 POD3 Max
Morning Night Night Morning Night Morning Night Morning Night  variation

HR (bpm) 66.3+84 65.6+74 73.0+108 749+10.1 787+123 77.9+123 79.6+12.4 754+10.7 753+106 14 25.592 0

F value p value

]nLF(msz) 44+12 49+13 43+14 40+£12 40+13 3915 3811 4114 40+13 1.1 4.151 0

InHF (msz) 45+13 48+14 4614 43+14 43+18 43+18 41=x17 44+15 42+14 0.7 1.401 0.197

Data are presented as a mean + standard deviation. HR, heart rate; InLF, natural log of low frequency values; InHF,
natural log of high frequency values; POD, postoperative day; Max variation: maximum value (mean) — minimum
value (mean).
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Changes in the HR and autonomic nervous activity during the morning and nighttime

Figure 1 indicates changes in the HR during the morning and nighttime. The HR was significantly higher after
the surgery than before the surgery during the morning and nighttime (p < 0.001). The InLF values in the morning
were not significantly different before surgery and after surgery. However, the InLF values during the nighttime
were significantly lower on postoperative day 1 (p = 0.003), postoperative day 2 (p < 0.001), and postoperative
day 3 (p = 0.002) than before the surgery (Figure 2). The InHF values during the morning and nighttime did not
significantly change before the surgery and after the surgery.
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Figure 1. Changes in the HR during the morning and nighttime.
Data are presented as a mean + standard deviation. POD: postoperative day; HR: heart rate.
*p <0.01 according to the Tukey post hoc test.
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Figure 2. Changes in the InLF values during the morning and nighttime.
Data are presented as a mean + standard deviation. POD: postoperative day; InLF, natural log of low frequency.
*p <0.01 according to the Tukey post hoc test.

DISCUSSION

Our results indicated the following 2 points regarding changes in the HR and autonomic nervous activity in
these patients. (1) The HR was significantly higher from the night of the day of surgery until postoperative day 3
than before surgery. (2) Autonomic nervous activity in the morning remained unchanged from the period before
surgery compared to the period after surgery. However, the autonomic nervous activity during the nighttime was
significantly lower from postoperative day 1 to postoperative day 3 than before the surgery.

With regard to the aforementioned first point, patients usually experience an increase in HR postoperatively,
as this ensures better perfusion of vital organs such as the brain, heart, and skeletal muscles (11). Hence, the
increase in HR postoperatively in the present study is reasonable, and it may represent a biological response to
surgical stress. However, further examination is needed to elucidate the relationship between postoperative pain
or the side effects of medication and HR.

The significantly lower postoperative InLF values suggest that after surgery, patients experienced a functional
decline in autonomic nervous activity. Zhang et al. (15) measured autonomic nervous activity on the day before
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the surgery, postoperative day 1, and postoperative day 2 from 11:00 pm to 7:00 am on the following day to clarify
differences in autonomic nervous activity among elderly patients after surgery according to the presence of
diabetes. The authors found that the InLF values on postoperative day 1 were significantly lower than before the
surgery, regardless of the presence of diabetes. Thus, our study was consistent with their result and extended to
that autonomic nervous activity declines until postoperative day 3 than before surgery. As aforementioned,
Pomeranz et al. (17) reported that the LF component reflects sympathetic and parasympathetic modulation,
whereas the HF component only represents parasympathetic modulation. In the present study, the significant
decrease in InLF values during the nighttime after the surgery could be attributed to a decrease in parasympathetic
nervous activity, based on the following two points. First, the HR was significantly higher postoperatively in the
present study. Second, nighttime parasympathetic nervous activity is significantly reduced postoperatively
compared to preoperatively (15,16). However, in the current study, no significant decrease in parasympathetic
nervous activity was observed. We think that the main effect of respiration on parasympathetic nervous activity
may contribute to this finding (12), in other words parasympathetic nervous activity is often influenced by
respiration, therefore, using controlled breathing might be more suitable for evaluation of parasympathetic nervous
activity. However, it is impractical to regulate the respiration of patients postoperatively, as the difficulty of
precisely measuring parasympathetic nervous activity remains a main limitation of the present study.

In our study, the autonomic nervous activity decreased during the night time, whereas there was no change in
the morning. The mechanism of this result remains unclear, however a possible explanation is as follows. In the
morning, sympathetic nervous activity dominates, resulting in the decrease of parasympathetic nervous activity.
This dominance of sympathetic nervous activity might contribute to the no change in autonomic nervous activity
in the morning. Further investigation is needed.

The present study also has five limitations. First, we only included subjects who underwent orthopedic surgery
with minimal impact on autonomic nervous activity. Hence, only a limited number of subjects could be enrolled
in the present study. Second, we did not consider the differences of surgical invasiveness about patients' surgical
procedures; TKA, UKA, THA, and spinal surgery. Third, although anemia from surgery affects postoperative heart
rate, we have no data regarding blood transfusion. Fourth, considering the burden on the patients, we used an
intermittent measurement method; however, as a result, we were unable to obtain continuous data. Fifth, we did
not consider the effect of medications taken during the perioperative period.

In future studies, we recommend the continuous measurement of autonomic nervous activity to clarify the
changes in this parameter, along with evaluating these changes based on patients’ sleep satisfaction and perceived
pain, and the presence or absence of delirium or its severity.

Conclusions

Our findings indicate that surgical stress leads to the maintenance of the HR at a significantly higher value
than that before surgery, from the day of the surgery until postoperative day 3. We also found that the autonomic
nervous activity remained unchanged in the morning compared to before surgery, but it was significantly lower
during the nighttime than before surgery, from postoperative day 1 until postoperative day 3. These results suggest
that there is a decrease in parasympathetic nervous activity during the nighttime postoperatively.
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