ES

¥ v FEOER-BIRAERICEDSFH LLY
INAF 1 5—7 0t AKEEETTl;E
—RIENSEOY v MNEEERU-ECOERY vV METIVOERETE—

BRI R R 25

TERFR ARNTIEEF. )\AF215—7 oA (Vascular access : VA) HEBEEITE
AR i 2 DEEEHBE vy NEEBET D0, BEIRYSSRERE L Y BF 21—
MR FER A TR 5 DFEEIRIC MERE G UTe 9 7Y OV S IVBOF 1 — I &8s
BEHERY Ulze Y BUF 21— ORI I DFABREID KUFMBIREICIFZNZN U O—
VILBDF1—T#ERITDHCET. BCMEBEARY v+ ~ (Arteriovenous

xR R fistula : AVF) OEBENTRTHZE (&)-# (5) WAEBEUZ AVFEFIL
gt B (RBUEE 0%) ZERUI, RIC. ERUEREERMENICENS BBORLS v
X Y NBEOTLEBRBIWDIC. BEE6mmMXES 10 mm Q74 U JLEMEOHRR

PN Haéf’m (C. 5.4mm ({EMFEE 10%) HS 0.6 mm (EP5EE 90%) FTHEEE 10%
%g ﬁ_if;, FOBL BN E BB ) C— W R LT, DI/ — W Y B

Fa—T ORI IDREERAIOARICHEA L TRERITEEL. £F2ICH¥720
VHIWVRODF 1—TZEHRITHIET. VA TROALEMRICHBREZEREL
o AVF EFIVEER UTce 1ERLTE AVF EFIVICIE. SHEEERIRBIR Y TH&ES
TKERERE UTREERS . Y REF1—TJIORIFEHHNS 20 mm BNt
IR EICEFET 7V NAZNUTIIRE VY ZERE L. TOMBICHITDELL
Vv hNEEEGFSHNEE (Bio Sound Analyzer : BSA) ZRWT 10 #E5H
UM, BERMERDETIVICHUTEONEUY v FEESOFEITICIE. E
FEABTHREUICEASBITRASAY 7 bo 2 7ZR0 e, BTl HEZL
(B¥RAEE 0%) AVF ETIVTAEUICREY v hEESZEBET -5, FIRE
LDERGDEFETFINTATEUELY v M EESZEERT -5 & U, BET—
FEHBT—IDENZTNDD T —T U v hMERICKDEBE-BRESBITHN 585
NDEGRED—HEZRT IEFRLBTIEREMRE R ZKHDDH T E T, RPERYFERIRAE
EODEMICHESIBLY v FNEXILDOEBbZRF . Ko, BECHLADH6 &
BRBICOE > THIFIBHBED SRIELEY v FEESICDULTH R ORIE(L
ZRSD., FEREDETICHD ROELZRANCERE. BWREEOELICHIETR
L v hEHSEE UL R EOBEBEEICDVWTHANS,
BMER(ICHITDIERLUI v FEDORDECZRUIRBRZEZRD & BIER
40%ZF Tl R 349 6500 TIFIF—ETHDH. FIFAEE 50%T R=6102. 60%
TR=5610. 70% T R=4044, 80%T R=3391. 20% T R=2758 &.
RFEFEFERNIICTET Ulc. AVFEFIVADRBERRE Qo [CHTDERERED &
RIeREE 40%ZE Tld Qo (35 240 mL/min TIFF—ETHDH. FIRAEE 50%
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T Qo=227 mL/min. 60%T Qo=215 mL/min. 70%T Qo=191 mL/min.
80%T Qo=162 mL/min, 90%T Qo=97 mL/min &. R &@RRICIFITER
MICET U, Ffe. #FERBREOHIEREZDETICHS Y v NEORITEIR
& BEEROEICHDSERLY v FEOBTERZLEND &, BENMEAK
i1 (Percutaneous Transiuminal Angioplasty : PTA) SiEH S OISRHREIC
S ERE L S EREEDBMICH SERELIELLTVD I ENDS. FRUE
AVF ETILHHRSERBEDY v hEZR<BRUTVLSTEELH DT ED
Dholce COBRDS., HIFBENBED VADSEOSNDY v FEICKULTE
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BLUBHICWTEHL FI4 ) TiE. BEDO VA K
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THAEDLETERT A ENLET LVE STV S,
HMEHRO—2THE Y v > FEOBEZIZL B VA BiE
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YMERBRIIHLT Y — 7Ly FEBUC S BEER-E
BB 2Ty, SRBEBTORIBARZ PLOKE S
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Fho, MEEREE T, BEEFNBEICL - TREH
Wi O MAERNREEENT 5 2 & THRAEWEOFFMASTE
Bh BIMARRFBEEDKRRELDOA v bA 7RI ¥V b
BB OMBMEIZOVWTHBILNISh TS
Vo ZTTARRITIE, HIREERIMIEI v M E
DFENMEERFMT 2720, MEZHEL- AVF £
FAEER L7, £LT, SBRERITEIIE L7 D
Y MEPLEMULZROEIEHET S E L DI,
EBROHEFENBED AVF CIlEL Y+ ¥ FED2SHR
#RMTH LT, PTA ERER %D S KM D PTA £t
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TMRD I LT, Bl o x v MO HIEEDO M
RIZHOWT, BRI SENIZT B I LT lRT,

2. RERITE

2-1) AVF EFIVOHELLY v FFRIRE KU
R O&EHGE
HEFFENTBRFZ O AVE Tld, BhlRMAHIR~HA L. B
NRAE S A7z iR & A B Ze g L 2 240 % . Roy-Chaud-
hury &' (&, AiBERRS T 1E 5 L 2o SR -HE 00 K IR
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Fig. 1@ cm3d a2 YMFa -T2
7 (NE6mmx 8 mm. FEME60°, K 7oK
L v 8 ofi IR & 505225 10 mm o & ZATY)
BiL7ze £3. VARRRIFEOERL 25U v~ b
TEMBTL0, Ag1MUTRTESCYRFa -7
a4 7 ZFOHMBHERMNCEZ 70y FLEBOF 2 —7
(TSG-A10, M6 mmx#HE8 mm. K& 150 mm. 5o
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BHME=3.1MPa, ¥+ v 7H&) 2HHEL:, 7
D, TR IO Fa—ThoNBVE SIS, EREL
EREAYFTHELL. YBF2—T73227 FDHA
BRI E X ORMBIRIICIXZhZERhS ) a—v TL48
NDF2—7 (KRS )arFa—7, RE6E6mmx
#8mm, 7X7 rHAEH) BT L LT, AVF
OFEEMAI X TH A (B)-3% () WEEHEELL. B
L. ABRXTIEEMBIRWO 2 % 2 & 5iH 6 20 mm B
TfiiE s 5y 7 THET LI LT, BEEMICIXS (8)-
W) WA TYEI T ROEMIFIRICHKAED v AVF
EFN (PRIRAZRE 0%) ZAERL 72,

KIS, TR ZBMICHIIN S ¢ 7208 Y v
FEOEALE MRS 72012, Figl(a) SR T HEE 6 mmx
REI0mm D7 27 VEMEOHRIZ, 5.4mm (R
£ 10%) 75 0.6 mm (A 0%) FTHEE10%
FTOLL SR IS G MEN— Y FERL,
SOWENA—VEYRF1—T %7 ¥ OHRMERND
WEICIFA L CHNHITREL, 2y 73arrn
BWOF2—-ThERTHI LT, WEST RO R
IR E Z BUR L - OB AVF EF V2R L 2.
ZFhEND AVF EFVOHMIBIRCTRAET 20> v >~
FEEZWETZ7-012, Fig2@IIRT L) ICAEEKDOFH
BA - ALk T7 7 v A (BRWHSE,
FHC=1491m/s. HIEp=1.23g/cm’, HFEA L E¥—¥
YA Z=pxC=1.83x10°Ps - s/m) Wi, #7 ar¥
VEOFHBIREME L. K/DOQIF A4 F54 iz
hid, BEEME VA B LEREHRETE20TH
Y. I kAT 600 mL/min LA LT, B #EHAH S 0.6 cm
PRICH b, mEEA0.6cm L EOVWbWw 3 6 DERIZ
WM Ln® LRERTWAE, 20720, HE77 2+
LRMA» SHMER LM E CORMEEA 0.6 cm LLNIZAR 2
KLz, EBLZ: AVF EFMICAkEMBIFE L
THRBRSELMMHEWR Y 27 4 % Fig2(a) IRT. %
BERIRE) R > 7 (ALPHA FLOW EC-1. > 7ithil§
it 0 5K 1000 mL/min, &~ 7H:HMA : &K 360 mmHg,
7 3 —#ath) OO 5 AVFE ® 7V O AR %
TREIMDY) A=V T2HOF2—7 (FE6mmX
5145 8 mm) THHEL 2o MBI, AVFETFLDS 73
o VR INBEIROW D SRR Y 7ORAO T TR S
3mDY) - TAROF 2 — 7T TS LT, HBHED
WEfti% Fig.2(b)Ism¥. Al (BPM) % 60 E/4. L
R YL & LR O H & % 7”3 Duty kt (Duration (%))
%35% (DARM) : SR =1:2) & L7ize HERSENHERE
DOMIEMABEET LD Y RF 2 -T2 s ¥ L

BFBF 2 —7RHOEFIENA 120 mmHg, HEFE S5
80 mmHg (2% % X 5 ISMBFDwl S (1st Power (%))
L{EMJ1 (2nd Power (%)) 2#EL. EBPIEFEIZE
AWiHE=% (Moneo BP-A308. 77 ¥ a2—1) VKR &
#H) TREBLICREENZE=5) 7L, 72
BREETELICAVF EFVHNERRT 52 KOBRER
Qo[mL/min] # XA A ¥ ¥ — TRz FBHEREEIK
ELRBIZONT, YRIFa—Tax2 % LETHllET
5F2—THDIENEN L BD, €T, BREELE
ATHF 2 —7HOWEIEIIH 120 mmHg, RKIES
80 mmHg |27 5 & 51, WO EE &Kl
E& TDOABREREE L 720

Y#F2—-Taks 7855 20mm Rk 7 7~
b 2 EMISEEH S NV (Aquasonic 100, Parker Labora-
tories, Inc.) % @ht¥®A L7z, Fig2(a) iomd3 & Him
HEEL 4 (TA-T01T. HANW T EHRRNEH) 244
77y PARBISHE L. £LT. 2OMEICBIT L
P v v bEE ST I T Bio Sound Analyzer (BSA.
FHERAE) LHCTI0FMHE L7, BSA 0551
PREEZ BT LICEBLTLE S L, BE5HEED
BRI Tz —7 Ly MERBOKRIGEVIEL
TLEIBNSEDBEI NS, BRBEKORLRZEF N
T HMEREIC DAL L (BRAER0%) DEFNVIC
FLUTHRELBTHEEL®H L. #E¥ER0E
TV LTHR OGNS v~ P FE5 ORITICIE,
EFEEFTHELZAEATHINENY 7 927
[WaveletDisp] ¥ & U° [WaveletBitMapAnalyzer| #
Wiz w2 =7 Ly MERDOBEDOTF - 2 —T Ly
Mi& Gabor B% WL 25 & L7co WHTTIE, Bz L
(BI2EH 0%) AVF EFNVTIE LMY v~ M EE
FEREET— 5, FREE 0B LOZEFTALTHNEL
BBy MERE RIS E L, KT L
T — s DZFhEFhDy o —7 Ly MERIC K BHH-
JE e BUBAT RS RO WHR I 0 —BU% % X3 IEBLM M
R (EE2—HTO. ELF—B T 10000, 0=R=10000)
ZRDBP T LT BB ERARORINIME D RO
Y x v PEOEAADERILE KAz, Wi{R%E K RO
BEERELETIRZ MPVEEL, BT 2 200D
N7 MWEZRER f(x, y). glx. ). FYHEE f(x 3).
g NETHE RIZAKXTROON S

ZZ« - 7Gx (e(xy)-2(x)))
JZthﬂfhﬂ)ZZ@hﬁgxm
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Fig2 AVFEFIEE>ELUY v FEAEYAT L

2-2) HIESETEED AVFHh5ESNEY v
BICHWT % R OERIFEZ(LRAIERR & DL
RERIZIBETETS v > PEIE, BIREERES
Mgt o —o & S, $AF 0 54 & i 2 B IR I
BOBMML, 2oBBE{Z @RI TELE=Y
Ny Ak ohs, FIT, #BEICKADIHFGE
AR b7z THiFRENT BE > SME L7z > v » PR
FIZDWT 2-1 fifi & [k i T R ORI EILZ KD,
AW EDOBITIINE) ROB(LEZ R L, 2-1 5
T SN AFRARORIINIE S U v v P EP S
L7z R & DRI DWW Tz,
VA L LT, ALK AVE IS THEFREM B 2 fr LT
VL HERE A (T2 B R R YRR, BB
B74H3I2H) LT, Fg3 IR TOWEE 1+ v

YAOV), @BMMEEEE (2 F v > A0v). Gl
(3 F v v AI) @3 AT & A U O
F—7 (Mi#5H 9 — 356125A. H A LFpk &)
o THAG L. BSA & HIWCTENTHMEBIMARNI > v >~
MR SEEIE Lz, SOMERE Alx. MESHINEE
D AN > TH S em FEBED AT 4 # D L,
JEMAAR 2T A PTAC I AN riroTE .
Wi et (Oem) (295 &, @EMzEREE (29 v
YA L) 1 EWETRA S RN 7 em D)L THEAEE Y
O, GRS (3 F + ¥ D) (W EiRH o
AW 249 20 em OALEZ 22 Do PTA EhifR, MRS
HE WA LI X D WGB . A, BEZREORAEE DA
ey o o &, PTA EMif% 21 H H TEm G A
250 mL/min E#EAIZ VA BREATRIFE e s H %
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Fig.3 #5%&E A DY v MERAIRNIE
OmEs (1 FvrR)b). @RMAZFHE (2 Fr2RIL).
ORMAZFRER (3F+>3I)

RiEH (0H) L7z £LT, BEHICHELAS v~
S R =g, HEA S T EB S EICH6 A
HizblzoTIHKBE LY v ¥ P EET2HEF— ¥
&£ LT, ROBERZ W< ROFBIZH-TIL,
L0503 i TlE LAYy ¥ M EFTD 9
B, b RIS X BB S B @B Al (2
Frrial) ORBSEMHLA. 4 F—FIUEHT
L2 BSA Ofi i%‘%"i]ml“ EEWLTLED &, VA BRER
kAL LT MILMbHET, T —T Ly PER
fi’e@m%k;iﬁb\ﬁ‘.’nﬁ CTLESIRNEDHDLI EnbS,
PTA #%® VA PG RAFIE & 58 Sh7z ki HIZiE L7
EoMigEs2EH Lz, B, Y2 > FPEoMlEIZH
Teo T, BEA T 4#H Mo L HHiC k2 HEE
Bl ETEML A,

3. RERHER

3-1) FHERDENLD AVF EFILHSEBNE
Bl v PEICHT D R OEHIER

2-1 Wi TIER L 72 10% 45 90% F T 10% I & (2 5F 85

REELSEZZAVFEFNVIIHLT, YRF2—7a%

7 & Giidr B 20 mm Sz HHVERIR 12 BT L 2o sk i

I o T LB v~ PRy —H &, W
v 7 b7 [WaveletDisp) (2% 5 ARG UL 00— &
Figd 2Ry, 9. BIRAER0%D AVF EF VA L1
bR Y v ¥ P EET % Figd(@) LEIZ, 2o
Toao—7 Loy NEHREERAERER AR FroNE S
IELTH () bk (K) OhS5—<yFTHELED
D% FEART . IREYE > 7 048 £ 2 60 ]/ 4512 %
ELTWEOT, 10 OMERMNT IMEI LI
9 OB v » PEBGVHELN, FhEv2—-T Ly
FERLATEOHRERZ WD E, 2Oy v~ b
BAG O RO R BOR 53134 25 Hz~#) 150 Hz * TOAK
JE W BB A LT BRI, %m%%w%mAﬂ:
EFND LA LN Y v b % Fig.d(b) LB
2, TD9 2 —7 Ly MERERE FEHIIRT. TEO
HEEWDE, ZORUY X ¥ FEET OO BB
G139 26 Hz~# 600 Hz T & IENMIC0A4 L Twvwh,
WIZ, BB 0% D AVEF EF U 585 7810
Pr v MEBTREET -y, B 10% 05 90%
TO AVF EF NS SNEBIL v o b a5 2 g
F=%EL, FhEROY =T L v FMEHBEOBEZN
—HEE T IEHBACH LR R 2Ty 7 b =
7 [WaveletBitMapAnalyzer| TR o7 —#l% Fig5 iz
9. Figb(a) LEUZI3 7 — & Tdh AR 0% D
B v v PR TEOICIIEYA K 80% Dl > v
FEREWREREFNLRINT VD, £/, [HEDON
W 2R3 Ey 7 22U v v PEESORELE —
7 HOWER () RS, ZoWTIIO~®F T
D3O AR ENT WD, Fighla) LEO e
0%DEW. > v ¥ PERFTIZBWT ,WWEWE—?M
BERIE 1000 ms TaH D, Zhae @Il 5 EE7 kLT
M TLREOERYE — 7 ) ﬁﬁ@lﬂ%‘c?&‘éﬂx’iﬂ%a
RIS, FEUZR L7k 2258 80% DML > v » M &S
FIZonwTHU~@® FTOSHMOMMHIPE LR TV,
it F—y DEREF—y O #ZFhEFRhc—T Ly b
ZFELUTHESNIMHEE2 FigbbM) it Fiuird,. 22
Tk, o —7 L v PERTHONREEEARZ b
DORESIGLT, K&Es%H (00 5 (255) NIE vy
FOTL—Ar— VIR TELTWVD, 2H2H (D&
@) OWiRHEO—BEEE LT R ZaldY Lc#i 4’ s
Ml Ko 72 AR Eh, ZoHOE—HEER=
3426 LRk SN d, KT — 7 RN (D~®) &g
=% 8N (U~®) oMlafbt, Thbb 644l
DA GHEIZHN L TR ZFNFNH L TEiz K
PP (%) 120 A R OB Lz R L4 Y% Figb
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) TERAERE 80% I 2 B 1T D AT A A

Fig.d AVFEFILOSESNELEY v FEIESICHT S [WaveletDispl

[C R DETIERD—BI

W3 SNERDL &, BEHZEE 40% F TlE R 1249 6500
TIIT—ETH LA, FEHAEH 50% T 6102, 60% T 5610,

70% T 4044, 80% T 3391. 90% T 2758 L T (T WiHAYIZ
T L7 7o, MR QIS T HRERLL, &
RAEEE 40% F TIERY 240 mL/min TEIEF—E TH LD, %
7229 50% T 227 mL/min. 60% T 215 mL/min, 70% T
191 mL/min, 80% T 162 mL/min. 90% T 97 mL/min &,

R &[RRI Z A IR T Lz,

3-2) #HIEEREED AVFHhroiEsNc v/ B
EICxd 5 RDEHER
Fig. 7 (@) |2 #ERa A O@BLMI e dl 5 cilw L &+

Y EFEE IR LT, PTASE RO VARGERLIFIFD > +
Y EEEEREEF—y, FOBINKMEL:Y v 2 b

GESELBEFT— 7 E LT ROFE{EH6 » HiZh
oo TE=ZS) ¥ 7 LR ZRT. PTAEHET VA
BRhE BT & 52 STV 722580, R4 7000 FEEE % HEFE
LTwrizhs, iEH»AS@ 22 HE (PTA FEihtida 5 43 0

) S IRAIIKT L, @50 HH (PTA 92fiih o 71
HH) 12125000 % Flnl 2 TN LA, F4UifkE-s T,
JEHEF — & JERF 1213 Q=250 mL/min T# - 7z Bl
fRA L. ®50 HHARETiE 100~150 mL/min & i
MARZE YT L% Tz Fig7(b) ICliRea A
»O® 22 H HAEo PTA 4B, ® 50 H B0 PTA
iR, © 83 [ HAFIE o PTA 20 f O LA e i o
Wi E R ZOMAFERNIRY 5 IE, WEBEEZLD
HUEBINC 10 20> THI 5 em FEEEDSKAE, § &b H@BLMLH
IR (2 F ¥ ¥ F ) MHHIHRAEWNLENHERTE L. £

ETZEH Vol.32 No.2 2020 73
e=c



anavele-tB;lﬁp'Armlyzu- E] m "v\'
| ERT  RUAGE
AT -5 o ERFROGOEE A LEES =

74, [OTR0 OB B TRT

20190801 160925
fFedn ERF-N
SOBMAImsec] 47
ial
— 195
g c
107 ¥ 265
#liE: [0 msec
BT -2 o ERFEB0NDEL v MEES — =
AR i _Bin.TXT
20190801 171543
Fed BTN

W & & ORMAmsec] 35
091 A 218
1019 v 285

fRiE: [0 msec

50Hz,100Hz.2001

EER 7 L esans %/ [ELE S B 0)— SRBL 25 H:
94:8:8.1506,2395.1788,1542.301.-871.-745610.1

j
_17543[111042] LOG

W — F DD L — A4 — Vg s —5 1 07y L —R 4y — LR
(b) Wi — 7 OENEFT—F 1 O 2 —7 Ly b2
Fig.,5 [WaveletBitMapAnalyzer] [C k2 IEMR{CEEMERMFEE R OEHERED—6

8000 ; 400
1
7000 L ; - 350
-~ - 1
e | s 300
4 I . .E
& 5000 P T - 250 £
B vl v i M i i g 1 =
i e L T > E
2 o =
g 4000 ! ~g - 200 &
B : R B H
¥. 3000 I \.\ V N r 150 ’g
E ] \\ <] g
H ' .
2000 i » - 100
o ERMCAEHAMERR |
1000 o fARAE QO : - 50
I
0 : 0

0 10 20 30 40 [B50] 60 70 80 90 100
BEBAE(%)

Fig.6 RRERCHTDIERCEEEMFEY R SERAE Qo SOMER



(F3)

8000
- (\
: [ ]
w2 2 i
& / ! ©
¥ 6000 @ | ® : JEAEHH22H H
= !
& /i i : HHEH A H50H A
g 5000 ’ i © : HMAHHSIAH
¥ \______r__..a.-.-
o ®): = ORCBMA R % 5 L CPTA%H
4000 (HATA N EHT8HH)
3000
0 30 60 90 120 150 180
HEAIDERBBE

(a) @BLMLMUZERIER (2 F v ¥ Fb) 1251325 R ORERFZA(L

™) 22 H HAFE ® 50 [ H iz © 83 I H ik
(b) M5 AR A S
Fig.7 5% A O@RIMAIZEFRIE (2 Fv/RIV) [CHFD R OEEBE{(LEMESHEERDR

CTHHEN S T8 HH (PTA Ehti’nr5H 99 HH) ISHEE
PTA Z9EMiL, ML LLELALIA, RIZHUE
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4. ER

VABERBI ToE LTRSS EHINAROE (12
PAREDME- L, VAFHOE=%) 7L LTHEST
Hohizd v v T OB SR EOH R Z O
ITHEAHMESE ST A BRI K& v, Figh IORTERAEREE
A7 AVF ®FNClllw LBy v » bEr oL
Ri&, Fig7(a)iZm3 PTA Jhifh b & PeAeig 2255 4 12
HEAT Ly PRHE PTA JEjlils £ - 7zt e g o AVE T
WLz v v MEPHEM LA R OFRZE/L LRy

Wk AER® bz, FigB(a) ol A o @I i il 240
M L7z PTA Mm%, @WEHEH (PTA JEME#k
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Dy x v P EORERE ZFREIURT, OPTA £l
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Abstract

A new method for assessing vascular access function based on time-frequency
analysis of shunt murmurs
— preparation and evaluation of arteriovenous fistula models for simulating shunt
murmurs in maintenance dialysis patients —

We first reproduced simulated shunt murmurs as the standard for good vascular access (VA) function by connect-
ing a Toughsilon Gel tube that simulates vascular elasticity to the outflow venous side of a Y-shaped tube connector
that simulates an arteriovenous anastomosis. Silicone rubber tubes were attached to the inflow arterial side of the
Y-shaped tube connector and the peripheral arterial side to create an arteriovenous fistula (AVF) model (percent
diameter stenosis [%DS] of 0%) simulating the side (artery)-end (vein) anastomosis that is a standard AVF pro-
cedure. To investigate simulated shunt murmurs when %DS is changed incrementally, we made acrylic stenosis
parts that passed through the opening of an acrylic cylinder (diameter, 6 mm : length, 10 mm) to change the diame-
ter in the center in 10% increments from 5.4 mm (%DS=10%) to 0.6 mm (%DS=90%). This stenotic part was
then inserted into the outflow venous side of the Y-shaped tube connector and fixed in place with adhesive, and a
Toughsilon Gel tube was connected to the end to create an AVF model simulating the presence of a stenotic lesion in
the outflow vein downstream of the anastomosis with %DSs ranging from 10% to 90%. Water was pumped through
the AVF model using a multifunctional pulsatile pump to create a pulsatile flow. An acceleration sensor was attached
with a biological phantom to a spot 20 mm downstream of the anastomosis and shunt murmurs at that spot were
measured for 10s using a Bio Sound Analyzer (BSA). Specialized bio sound analysis software jointly developed
through collaboration across industry, academia, and medicine was used to analyze the simulated shunt murmur sig-
nals from models for each %DS. Simulated shunt murmur signals measured with an AVF model without stenosis (%
DS of 0%) were used as reference data and simulated shunt murmur signals measured with each model with differ-
ent %DSs were used as comparison data. We calculated the normalized cross correlation coefficient R, which shows
consistency among images obtained from time-frequency analysis by wavelet transform of reference data and com-
parison data and attempted to quantify changes in simulated shunt murmur with incrementally increasing %DS. We
calculated temporal changes in R for shunt murmurs measured from maintenance dialysis patients over about 6
months in a previous study, and examined an association between results of analysis of changes in R with progress-
ing stenotic lesions and R calculated from simulated shunt murmurs accompanying changes in %DS.

According to results showing changes in R relative to %DS, R remained roughly constant at about 6,500 until a %
DS of 40%, then dropped roughly linearly with R=6102 at a %DS of 50%. R=5610 at 60%. R =4044 at 70%, R=3391
at 80%, and R=2758 at 90%. Analysis of the flow rate of circulation in the AVF model Q, showed similar results to
R Qp remained roughly constant at about 240 mL/min until a %DS of 40%, then dropped roughly linearly with
227 mL/min at a %DS of 50%, 215 mL/min at 60%, 191 mL/min at 70%, 162 mL/min at 80%, and 97 mL/min at 90%.
In a comparison of analytical images of shunt murmurs with progressing stenotic lesions and analytical images of
simulated shunt murmurs with changes in %DS, changes in images over time from the PTA procedure corresponded
closely to changes in images with increasing stenosis rate, suggesting that the AVF model achieved shunt murmurs
that closely simulated those from a maintenance dialysis patient. These results suggest that our proposed analytical
method can be applied to shunt murmurs obtained from the VA of a hemodialysis patient. Using this method, the de-
gree of progression in stenotic lesions may be quantitatively monitored by monitoring temporal changes in R and ob-

taining a rough estimate of stenosis rate.
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