HARARIRIEIE IC X 5 imiEENT EE O
HHAIREN T 2 A B K OARMIMIETEER 77 Bt Did A

R RVE, WM R DT A RHSE, ST ERARER,
PEE T, @FHar. AR M = HRAKER
EFHE AN IR &R U = &

Analysis of Autonomic Nerve Balance and
Blood Peripheral Circulation of the Hemodialysis
Patients by Measurement of the Finger Plethysmogram

Hiromitsu Noto, Mayuko Saga, Yumi Sasaki, Keiko Sato,
Kana Sasaki, Shigeko Haga, Yusuke Konno, Yoshiyuki Shirai,
Toru Okazaki and Koutarou Wakamatsu
Akita Urologic Clinic

<& B>

FRAMNRE (Digital Plethysmogram: DPG) &I, (WMEENTHE D e EN IR I E O BEE(T
H0 2, DPGZE KW L= hEERE: (accelerated plethysmogram: APG)?) % W T
EALESCHIRBELOFEM 45 2, F0MAE) (Heart Rate Variability: HRV) 725 HE#HHRE
PEREREM 1278 T T 5,

—F. BITEFIL. BIREECICRE T .0 - IKMEREETHRLE T2 U A7 NE< 9, HEMRE
b IERH SI3RREUMNE (L ZRTIO Z &, BITRMIE T F TIZEA S 2 7x B B
NH2Y ZEEHESNTNS,

M7z B34 E, ETEE OBIREE (L & B AR IREE Z DPGRIEICK DEHE L. & T DHIA
Gl DTHRET 5,

<HREAE>

MRIT. MU=y JICBT DRI ERE44%. BE29%. k154, F#mb51~86i% (66.4
+9.6/%. mean=SD). B2 » A~17F114 H (67.9£54.4+~ H. mean+SD). FERFEIZ20
% ThoTz.

Hikid, BEHS LTV ATY F I3 —7F A2 — (TAS9 VIEW) ZfFHL. &8
—I3IET v > MEDH 245I1CEE U T, ETBGRT S B 1 RERIR. BN &2 #HiRiE TAPG EHRV
ZHE L7,

APGOW (1) 1Zida. b, ¢, d. e DEMENH D, WML % & a THRL 7.
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b/ a, ¢c/a. d/a. e/ aT{r\, APGOH i 5 4EH & ORRERAFT 5 &Iz, Ak
HZHEIE L7z, CAVI (Cardio Ankle Vascular Index) fi&b#z L7z, CAVIIZ., K#kzE &
DN S REETOBROME S 2 kT 5, BIRE(LOIEIETH %, MEITEESN/RWERET,

IR ED & &l GEFME @ <0.8) 12725,

DPG APG
a
\/_\ . (+) e
d
b
b/a age | Cla r=0.0188
0 — 0.6 p=0.
20 40 6: 80 100 | . °
0.2 oo
% ° 0.2 ®*  Lge
-0.4 4 p@. 01 .g
20 40 "800 ¢d® 100
-0.6 -0.2 >
QW% e 0.4 o0 °
081 =02083 ® ®e 0.6 o
p=0.1748 ® ®
1 0.8
d/a age ela r=0.2357
0 ———— | 038 p=0.1234
20 40 80 100
[ ]
0.2 Ry 0.6
oo o
-0.4 - N 0.4 [
L (g f X
-0.6 - W 0.2 L}
o® age
081 ,=g2305 @ 07 PR o
=0.1322
ad P ° 0.2 s

®1  APGODRFZR S & i & DR

APGOETZRR Y (3. URFEMHARS R (a). UEEHERRMER (b). PHEFHMBELFE (c). EBRIMBTRERE (d) €
L TR IR (e) Doy, REMBRICIEb Mo ez aTHRLUKLMED “a. ¢c/a. d a. e a)EAL5,
BE. (b) [JLEERELZRUMBTEXR, (c) FOERBEUEROBIKNOENEZRLUMBTHRD, (d) - (e) (X
MEDREKRIEZR LI TR T 2.

F 7= HRVO 73721213, KEfEfEE /N5 A —4 OSDNN (msec) . rMSSD (msec) . NN50 (count)
JODPNNS0 (%) &, FEPEEEE/N T A—4 @LnTP (ms?). LnLF (ms?). LnHF (ms?) K&
OLn (LF/HF) ZHMHWw, Fin, S, BEREEEOF K, ROENHiaeT & 1 R oZ2 b
EOBRMN S, BEITEEOBEMBEEREIREZTMEL 2 HRVNIA—FYDOEKZXR1ITRT),

HEHREITIZystat2013 2 L. Wilcoxon t-test, Mann-Whitney U-test, 2 X 2 Chi square
test (Fisher exact probability) Tf7- 7z,
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x1 FEEHRVIAZA—%

<65 % (2141) =65 jk (2341)
SDNN  (msec) 23.43+16. 08 45. 16 £44. 26 p = 0.2128
rMSSD (msec) 21.95+19. 21 54. 13+56. 51 p = 0.0637
NN50 (count) 2.43+4. 41 24.65+38. 51 p = 0.0346
pNN50 (%) 1.19+2. 14 14. 65+25. 26 p = 0.0181
LnTP (msec2) 6.44+0. 67 6.85+1.01 p = 0.1341
LnLF (msec2) 3.52+1.78 3. 86+2. 20 p = 0.5341
LnHF (msec2) 3.83%1.49 4.66=+2. 00 p = 0.1837
Ln (LF/HF) 0.94=+0. 36 0.827+0. 23 p = 0.0774

R fEIE /N> A —4 : SDNN (Standard deviation of all Normal-Normal intervals) (msec) ; iRF{E.OERREIBDIZ
#RE(E. rMSSD (Root mean square of successive differences SDNN index) (msec) ; BV & o /=/AFEELIHR
FROZED ZFEMFHDFHIE. NN50 (Number of pairs of adjacent NN intervals differing by more than 50 ms)

(count) ; BV &> 7= RFARCIABBOENS0mMsec LI_E#H D%, pNN50 (NN50 count divided by the total number
of NN intervals) (%) ; U & o 7= RFAROEBROZENS0msec LU EH B EIE.

FELRE GRS /NS A —% LnTP (Ln Total Power) (msec?) ; BE®ERELED/NT —0D BAME. LnLF (Ln Low
Frequency) (msec?); 0.05~0.20Hz, 3ZREMHIR & —EPRIZKEM B E K. LnHF (Ln Hi Freaquency) (msec?) ; 0.20~
0.35Hz, BB #EZ KB, Ln (LF/HF) ; 3XREHIRDIEE. 10Z2 82 5 L XBRHREM LI NS,

<& RE>
(1) APGHIEHE R
APGOHFHIELSr & Fllin & DRRZR 1I1IRT. b aldfFimEick, dald@d. e a
WD Uz, HICHEGHEMICEE TR o 2. ¢/ aldERICES B en s nisho iz,
CAVIE & I E IR IR & OEETIE, b a. ¢/ aBLUd, aldCAVHEEFER
BRI 2o 72 MY, e /al3CAVIHE A DMES (p<0.05) 2d-7 (X2),

CAVI ( Cardio Ankle Vascular Index )

14 -
y=-4.27 x +9.24
. r=0.3770

12 4 p=0.0117

-0.40  -0.20 0.00 0.20 0.40 0.60 0.80
APG (e/a)

B2 CAVIEAPG (e/a) &DEE

— 150 —



(2) HRVHIE &SR

FEHR 2 65 5% AR 655 L E DB/ THRVIN S A—F Z i U2 #E R 2% 1 1ITR9, NN50
EDNNS0IE65E L, EO EmE N A EICEHME T (p<0.05). rMSSDELn (LE/HF)  ® @&l fEm
(p<0.1) IZhb-oT=.

MR SBEHTHIR & I3 OFBIBER (r2=0.11, p=0.0338) 2H V., EiEhZFEBHHIRA
Bino Tz, 65REATZIC/HT TR T 5 &, 65RARMOEEHFH OBEHWIMIZ92.6+£62.37 A7Z>
=DITx L. 658U LD E #E1345.3+33.77 A EFEZ (p=0.0139) dH->/.

BT & HRV O REEFEEL D /X T A —% L ORIZIE, EOMBEBEGZR (p <0.05) dH-7 (M
3). BN Z 5 ERM & 5 EU EOFNTHT THRVIN S A —4 2 i L2 /82 £ 2 1R T
SDNN, rMSSD. NN50KUDNN50IZ. &HHE & @ HriE 5 F L LG E (p<0.005) 12
K Tdh > 7z, LnTP, LnLF X ULnHFIE, B 5 FLL EOBTHEE (p<0.005. p<0.05,
p <0.005) ICKMETH o722, Ln (LF/HF) 1Zli&EMICENEN S -,

250 msec SDNN 250 fnsec rMSSD
200 1 y=-0.19 x + 47.58 200 1 . y=-0.24 x +55.16
° R?=0.08 ° R?=0.08
p =0.0317 p = 0.0402
150 - 150
° °
100 1 ° 100 -
L3S ®
.
50 ° ° 50 4
N\
¥t . J
o B YN o0 n . 0 -h ' . r ; \
0 50 100 150 200 250 0 50 100 150 200 250
months months
count %
120 - NN50 100 z pNN50
o o
100{ °
y=-0.16 x + 24.73 804 o © y=-0.09 x + 14.41
R?=0.08 R?2=0.07
80 A p = 0.0456 p =0.0360
60 A [ ]
60 1 o o
. 40 -
40 - o
°
20 20 A
° °
eed 8 e 0 oo 8 °
0 0
0 50 100 150 200 250 0 50 100 150 200 250
months months

3 BITEIRE CHRVERRITEE/ S A — 4 L DR
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xR2 BB EHRV/IAS A—%

<5 years (26f) =5 years (18f)

SDNN  (msec) 47.05+41. 04 17.09+10. 26 p = 0.0027
rMSSD (msec) 54.23+53.19 16. 40+13. 49 p = 0.0042
NN50 (count) 23.04+36. 45 1.06+2.21 p = 0.0038
pNN50 (%) 13.54+23.91 0.56+1.29 p = 0.0044
LnTP (msec2) 6.95+0. 99 6.24+0. 47 p = 0.0044
LnLF (msec2) 4.24+2.19 2.91+1.38 p = 0.0463
LnHF (msec2) 4.91+1.93 3.34+1.12 p = 0.0044
Ln (LE/HF) 0.86=+0. 28 0.90=+0. 34 p = 0.4647

FERFEOAEETHRINT HE, HRVXT A =13, JERERBEFID bHERFES CTRMETH -
723, HEETHFMICH B ZE D 2 WITAEMERN S > 72 Did. LnLF (p <0.1) &Ln (LF/HF) (p <0.05)
Thot (F3),

K3 ERRBEOFELHRV/ISA—%

DM (=) (2441) DM (+)  (204)
SDNN  (msec) 37.81+41.82 31.17+25. 88 p = 0.5925
rMSSD (msec) 42.79+54. 13 33.95+33. 06 p = 0.5211
NN50 (count) 20. 63+38. 39 6. 15+10. 90 p = 0.5165
pNN50 (%) 12.08+25. 18 3.60+6.29 p = 0.5388
LnTP (msec2) 6.72+1.05 6.59+0. 65 p = 0.5416
LnLF (msec2) 4.14+2.05 3.15+1.83 p = 0.0924
LnHF (msec2) 4.38%+1.96 4.14+1. 64 p = 0.5351
Ln (LE/HF) 0.96+0. 26 0.787+0. 33 p = 0.0303

BHHTER A 1 REEIA2IC BHRVEIE 217 > 7241619, BT 7 £ TICLE DS B2 i B AT
U7z B#F 6 Bild > J=o BN 5 1 KRS, RBEORRENA ZIVTF v 75D > T,
BN EDNEHNITEDHEEE NIRRT TH D, BHHLE 1 FRFHEZOHRVINS A —% O&E DS
& (F4). SDNN&ErMSSDIFAEITHEAL (p<0.0005. p<0.01). NN50&pNN5OILHE K
M (p<0.1) IZ&H > 7z, £/2LnTP, LnLF XU LnHF $ A EITHE A L 7278 (p <0.0005, p <0.0005,
p<0.001), Ln (LF/HF) 3HBERBED/Bho7z. £/ WEZEET S ME FEND S 72 6
THRV/N S A—& D2t % H7=7%,  1 BEBICEKRT 6. DT 565 5 WIS L W E s
RIELTHD, —EDEMERI M- (K4),
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x4 NMERBEHFBATE 1 BEEEROHRV/AS A =4

1L 732 T BR 4 AiT BHTBH AR LRF [ %

SDNN  (msec) 30. 27+27.56 43.08+37. 44 p = 0.0002
rMSSD (msec) 34. 00+38. 79 45. 76+46. 15 p = 0.0061
NN50 (count) 10. 54 +25. 45 12.93+23. 19 p = 0.0879
pNN5O (%) 6.27+16. 20 8.22+16.23 p = 0.0512
LnTP (msec2) 6.62+0.78 6.99+0.99 p = 0.0001
LnLF (msec2) 3.55+1.93 4.65+2.02 p = 0.0001
LnHF (msec2) 4.17+1.74 4.92+1.92 p = 0.0009
Ln (LF/HF) 0.94+0. 47 0.98+0. 30 p = 0.2682
SDNN rMSSD NN50 pNN50 LnTP LnLF LnHF  Ln(LF/HF)
(msec) (msec) (count) (%) (msec?) (msec?) (msec?)
120 ~ 120 ~ 60 ~ 30 - 12 12 12 1.6
1.4 4
100 A 100 A .\' 50 1 25 1 10 1 10 10
1.2 o
80-./. 80 4 40 A 20 1 8-% 8 1 8
1 o
60 A 60 + 30 A 15 - 61 ¢—® 6 4 6 % 0.8 1
5 E 0.6
40 1 40 A 20 - 10 A 4 A 4 1 4 /\
< 0.4
20 4 20 4 10 5 1 2 1 2 A 2 j
//’ \ 0.2
.
0 0 0 0 0 0 0 0
0 Thr 0 T7hr 0 17Thr 0 17hr 0 1hr 0 1hr 0 Thr 0 1Thr

4  BREHEME 6 GIOFERFHL 1 BEEROHRV/AS A -4 DAL
Ol FEZRY.

M2, BT OHRVINTG A =% QAL S MIEOEEHD &, BHTHIE 1 K% ICLnTP&
LnHF O 3 U7z B 6 fild > 7223, 361 (50%) 2T HICUE Z2E T S f+E FEN D
SDITR U, ZNLAND356H, FALEDOIME TR 3 6] (8.6%) DHdHD., MAMICHEEZE
(p<0.05) MH-o7= (K5).
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0D MBEZETSMETESY 0 BEZETSMETELL

LnTP&LNHFAR
Bl A=)

LnTP&LnHFEAY
BB T L%
1=

X 5

p<0.05

3 32

10 20

30 40

BIREHEMEDBHEEHRV/AS A — & & DOBEE

o BRWEREOAELENTTOHRVOE(LZAD &, FERFEFIIIERERFEE LD B,

BT 1 KRN TP ELnHENE AT 56103205 7228 (p <0.1,

EFBENEZVWEITWAE> T (D),

x5 ERFEBEBOFELEN 1 BEZOTPRUHFOZEL

LnTPp®DiEA (—) LaTPOJA (+)
DM () 20 2
DM () 12 7
(p=0.0570)
LoHF DA (—) LnHF DR (+)
DM () 20 2
DM (+) 9 10
(p=0.0047)
LnTP+LnHF® [REE (—) LnTP+LnHF® R (4)
DM () 21 1
DM () 14 5
(p=0.0795)
PV i JEAK T (—) FLALE M EK T (+)
DM () 20 2
DM () 14 5
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<lEz 2>

APGIEEIZ, Z8. RESLM. BnEM, EBR ML O REMAMICKOE{LT S I en
HENTHOY, @HELHERETIE Emicttnb, aldk"H L, ¢ /a. d/akle aldfKF
THENHDRNTNSEY,

SEOKBFTIED aldFElfiEic LR, d a3 R, e aldKFLza, #HEEH#FNICER
TlE72<, ¢/ aldfFEmmiTtE D B ah > 7z ETEF T A & X TEREEL2NHET LT
W70, BHMICIZERICEKA2BMENBHENIC<WHDEZEZ SN, /. CAVIZK#IRZS D
DR 5 R ETOBIROE X 2 KT 25ETH V. BIIREE(LETT 21 ERmMBERDN
BMICKDKTT2EINDe atCAVIEEDMITIZFADHBERZR (p<0.05) 23® -7, I
BITEFICB I 2CAVIHIEOARAMIE. TNETRZEHME L TE010 WS oHth
IZ& > Tid. APGBHCAVI L [ARRICENT EE OBRIE(L D IREEZ Rl 5 DITHEILD EE A BN D,
—7. HRVEIEIZEH., LEXEE T b TWzal, Kageyamab !'® [3DPG. &H 57 1ZAPG
MHOHRVZEZRIEL., DEMEFRBROERENME SN EHREL TND, BB BY HINE T
BEIEN SHRVZFM L. SHEHE OB EHREAEICBE L THE L TE e, SEIZAPGHIE
IZX DVHRVOE 217 /2.

SEOBRFHZ BT HZHRVOE )N T A—413, Ln (LF/HF) Z2R\WTEREH THEZR L, HRV
DFEEIZEMREIITE T T2 LN EEE TORE LR >TWi, LaLl., S
E<7% &, Ln (LF/HF) ZBRWTHRVN T A =& 3 REZ/R L. ST HRIZ655L EORENI65
AWML D BDAERICEN LI EEEADE, BIBETIE. ML BBIBSENZ ED
FS, HEEREEREC T S B BEICBERL TWD Z &R I Nz,

BT ERFE S NOHRV % il U 7= 845 Dreview?? 12X 5 &, HEZHITIDEZDINTA—F1T
BEWEDH DN, BITEFE TS AT LU TSDNN, rMSSD, TP, LF. HFAZEBMETLTW5
EEZLNTWS, £/, Yamanakab® (3, [F UETEE THHEREEFIIIERERKES S
L C. R—RREME. LF., HFXUOLF/HFMEMEZ > 2 EHEL TWa, AEOME TIX. FERE
TEAEFHIIERER L D BHRVN T A —% OFEHHEIT/NE <, LnLFId A BT - 7= (p <0.05),

HRVDBENTIZ X HZLIZB L T, Yamanaka52? 13, @HEHERMENHIC 1 EXD HD70A
BEE AmPlEdD 2 BRI TENAIEOHRVEZHIEL TWd, #E512K% & BTRTOLF. HF
MO FOE—IZAXDHBHENMEREIKLS, BMRIEILF/HFbAEREIENM>7ZEW0WS, A
EHOLY NOE—EIQLHAGHORMI THO. MAL DAL ORIBON T Y FOIRETH %,
BEITRIEO K TIX, ABIELE/HEDZGERICEM E/S> Tz L, BEIZLF, HFRU'T
ChOE—MNEEIETFLEZEHREL TWDE, —F., Tong 52 |ZIEMRWEEE OBEFT. HHHI
EHARTHENTBIMA SR EICIE. SDNNELF/HEAEZIEK R L. BT T 2 BT H ICi3oTic
STWe LWt L Tnwa, SEOEFIEITHIGHETE 1 RFH#EOHIE TH 574, SDNN, rMSSD,
LnTP. LnLF, LnHFBEEIZHE AL (p <0.005~0.01), NN50&pNN50H H A (p <0.1)
ZoRUTz. BTG 1 REMBEIBBRKEDEZHED L 4~1 /5BE T, >+ > MNEHIRBNTH
EREDNA ZIVF v 7R T OIEMEN—BIE L THEBEWIRETH D, BEHTHRGRITE DR
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BERRT 22 EH, ENTA—INERITELZ—RTHDEEA LN,

BRI 2B L T, Robinson & Carr?® [3review D H T, 2 MHHRE R DHERE B DR K &
T LMENL NN, REARE ERISERE DO NG DRENHE->THEL D ET2HEDHD I L%
ARLTWS, ARG X, MERERITEN & TERFHOHF, LF/HFAU LY hOoE—
MEBICHERL 0, EK FEIIHFELF/HFZABEICA LT, T2 hoE—naERED %
RUTEERRTNWS, £z, BITHOLF/HFE LY OB —ZMER FEOLGNE EITKMETH
S EWnS, FAZBORMEH® TiX, BEFIC30mmHgPL Bl EN RET 260X, FREAENF] &
X% E@EMETOTP, LF. HF KX USDNNAVA B2 EWAYEIE T, rMSSD, NN50 K U pNN50
WWERICKMETH > 2o L2 OMEHY T, ImFEIE TRENIEF LG 1 K% OHF & LE/HF I
HEL TWDITH U, IiE NEFTIEIHFAARICHE A L. LE/HFIZKRE<ERTZH2H 0.
REEE ST,

SEIOBFHTIE, LEZET 2 MEFREND - 26 FlOERE T, FENBLE 1K E OHRV/N
TA=FIZ, —EDRREREZERS N>z, UL, 6#H 3#IZLnTP & LnHF O A3
DLTHBD, BITITKDBAKDEITT SR1TH, ME FEEI ORI B AR ICELZRL T
D ENRBE Nz, oy BERFEZIIERERIEES K0 SEThls 1 KEE I, TPoHFAME
TI2010% <. TN5DEFTIET TITHERFEEBRMREEREENHEL T b0 EEA5
Nz,

< B!

(1) DPGZMIE L. EHEFOARMIME BN & BHEMRN T > X 02T > 7. i &
BHEAEDOHBI® < 72h > 7208, BIREL OFEECAVIE EAPGDell; (e/a) ICIFHESMH
BN o 7=,

(2)  HRV/XZ A—4SDNN, rMSSD., NN50. pNN50IIZEH#IH & & DM % /R L. SDNN,
rMSSD, NN50, pNN50LnTP. LnLF}KULnHFZ, B OEWEMEETH =, E/-.
PR B CIELnLF YK CLn (LF/HF) PMEETH - 7.

(3) FEHTBALA 1 KEf#%. SDNN, rMSSD, LnTP., LnLF&ULnHFIZ# AL, NN50&EpNN50i&
HERAEA 2R U Tz,

(4) ZEATBRLA 1 KRl E8. LnTP & LnHFE R A U 72 6 Bl TIX50%1 BALE O ifil £ FREATHEL L
7=my, NP D356 TIRIME FFE138.6%721 Tdh > 7z,

(5) BEPRIEHEFE TIX. BT 1 BREBICLNHFASR AT 2 60h% <. LnTPEAF® £ WA
HoT,
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