# L < B S N7z FRBLMAYIMTRT IS & 57K
THENAR ML & & B&ER IS H
—REEIR, KRBR, EEHROOER
x KB AT B & #1002 L —

B RS0 2 SR (M FF HHUR)

o= |Row =
(BRFIS64E11 A 25 B %76)

Key words: JFEBMBY MK, KE, FiE,
MERE, BERAIE

FEBMBZ FEIC & 5 MFEHAIZ, BRRE
B2, BB L Uik follow up % &I
TTETZNEEEEZHLTETWS, &
FKBROBEMRB~DGHIZTVAWAHICR
AbhTwa, LALBHFEF7Z7&EE2CHL
IEBmEy M REc & 5 MifiERIE, $48%B
ELNMBEEZRBRL TS, ERINTREE
iR, LE2ZEBERF7IEICE
LA BERE—L L MBETENLTAE
AR ) 72 o I A D AEXHE D FH RN AN TR
Thotz, ZHORBEBNET HHMFEETE
AEEKEEO L WBTH ¥ 77 EIC & 5 MikE
MEHERI N, EEMFELAMFERT (Q
FM) r I 2H6 LWEET, LKEEN
AextHENA L LT LR L METERTHS, =
Nz MEENEILZ RIS F T 2 BEH <
WAL=} TF9X 2 TELIBDE T RAY
a—H—%ERATAZ ICE NAEKRTE:Z Y
(Lzmiftsto 2 R#Er 640 (K1), 205
el /uartPa——THARBRNICHAED
w2y NTH5, TibbInmifstid g
mEELMKL 22 b DT, R0 MFEHIC LE
BEVI—REEMRA2LDT, THHECE
NRULHTHRBNBEIRBIC L S T2E W2
&9, LArLAHFARIARIN T LNEE
382, ZORWEICEL TIIERMIC LTS
AR DD LIFVE R,

=
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Db : MFE

Transducer for Db
i Vb:iK &

¢ 070
A\

Transducer for Vb

Skin

15mm

Vessel

R: REAMI R a—Y—~
T: XEBIMS RS2~ —
EERAFEBR MMM T (QFM) HHxEE
QFM: Non invasive Quantitative Flow
Meter.

X1

BHRIZIZN QFMENHEE*RT 20 % H
BEl72bnThsd, KEACVLERTIE, X
RREIIRD R % AL CRHRIL, ERAERE T
BLKRE B, BERTIR, BEETR
SEEhAR, AEEEDAR, REBINRO mEER TGS
Btz Bz v, KEBK, BEBRICH
WTIREBARIC L 2RI B I o, &5
CAIAERBENREEIIRTEC TR L
FHAIL, RTLEBABROATOERBRIC &
LHRBECRHEEREZHML, ATOEER
o & 2 mMEELERETL 72,

WMENRE FH &
WENRIZ, HHEEK, BEES L UHEER
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BRBETHDL, KEHAVZERIL, KBRS
MmfE % AL ERERRE CHORERE L B L
B (13 rBEERABREZ AIOE TERL,
ZORBTHE & TR i L 28 (28#)
D2H/THE, BEETIR, FELHTRE
EhAk, ARREDIR, REEBROME & REERKE
WEL (38), KEER, REBIRTIIESA
TR LEIIIL 2 (48 . “ BEEAERDE
KBWTLHRE L K2 REL 22 (5 8).

WHEMEK & 12, AETEHFSINIFEL, B
B L UEHIRERCLER L ZNEREUETH 5,
R L 728532, U ltrasonic quantitative flo-
w measurement (QFM) System (Model
1400, BARE) TH 3,

RERAWER (1, 28) T3, 9~15ke
DERAEH, BRESICE 295K (2>
7'#—)25~30mg/ke) 2 AV, [ERFEEHR
PHEERALIERSE (£7V B, A+RERITE)
THREMEREZ B - 72,

18 Tid QFM I TR ERICKB#RD TE
ZFHAIL 72, FHAERALIZ KEBEAROIAEI % L -
ELE NI TB I -/, FHAlZ5 M
BIWEnEHiFHELREBEE L7, Ly
Lah oFa Nt MEENERABFRYE — 4
tMFFEMEABEREY — L3 15mTEX
THEIEFEN T B2, 7uo—T KR
BikE COE—LEEIIZITISMEL R L5 T
O—7 L EEMOBICKE AN BT LB R
ALz, ZoFtflig7z72 bic KEREYAR % 8 LAY
CHEHLOWBRNERN 2B >7onh, BRE
B (270 MF27, BEXE) 28HL
ThREZMELZ., MEENGFEIZ/ ¥R (K-
annon #) %Mz,

BEHMRBIRE®RE (28) Tk, RZEA
BAMLCEZEL, ERERAT—7 0V (NIHAT
—FN, 6F) 28FTEMR L N TITKEIIR~N
WAL, R 777 (BTN 142-8, =FKH%)
TEEL . R TEHRYIFEICTREL, BE
PHEANESEL EBICHOREY M, BEX
BhAR 2 BFEVIRCRIE & D KBRS IER S THEHL
b RKBIRERICEE E % 5 EBRE %Y
Bl 7z, BEhIk & ABYIR DL IR PR S S E
ZERL, ABCERKRAZHCKEL R

7 S —

L7z, & 5icREMAT QFM i CERATRE

(AR, BRHE, R/NRR), RE (FH
ToH, BAWE, RhE), LEEE & UEE
BN RE B k-7, HEIZS MBI W
T e L2z, ALLEERIZTEIR L KB
ST P REEZ 3cm Ik L, ERLFERICS
b¥T6mn ATOEZATERLZ, €A
L7z ATLm%ix, Cooley Woven Dacron (M-
eadox Medical) T, #4A+%i3, Tycron (D
AVIS & GECK) #AvE#iEaTyaL .
WA ZICYAIBTHEES T W L 2 HRAL,
ERLEHR 2 WAIRKREIC CERKER & QF-
MTH -1z,

BRRICA D 726> & TE & TRIREIR, KB
BhiR, REHROMELCHKIEERFREL (3
B, sHAMEIZESR & L7z (20~29F, 12A,
40~59=%, 10A, 60~794, 10A). 5HiiE, £
BEZEOL, LrLE»r2RETORHED
EHIBMLON LB Z - 72, REEIKIZER
2HEAL, - EHEZERM~ABI, $HEE3cm
TEELLLREFRHABZEHLN S EMLTEHAIL 72,
FHENZ 5 BB = v EHfE L L7z, KEEEIIRIS
AREFERAL, BESHFETTHHNOL- L )
BN BEATERIL 2. REBIR ClRiEH)
DN B —FRT, Lo & LiaHnEy
R TEHRIL 22,

E#AFIC & 2 kBEk, BREBIRS @K
#ix, 20~30F NBEEBTIOATBI k-1,
FREENL W, oBr L EETI0HHD
ZHUBMIO NG, KEBEER, REFBROFE
FERNFERTEI 2 WEREE: L, &K
i35kenBH N % 3FHERHENBRICLNX
ZLEERAMEB Ik, ARIRTEELY
FtllZ B -7, I TASRICBI LW,
BLELIFLNIZKRT TR LIz,

f4e$ BB ENKRTEBIRIC 31T 2 MFKEIL
i3, B% 1~ 5 FNRBBIOANT, FHES43.1
FThorz (58). FHANTLEE, Soegflsk
DLVRET CLOFHEOLBIEALO DL 5 1
e B WES{EL L1,

® R
KBS RO MR (13)
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ROKRIRBR O MK E % FRBmiym s (Q
FM) :E#figEst (EMF) CHigL el 2
(&1). BERXIOETHMZBZ LW, vy=
1.05x—12.9, r =0.94 (P<0.001) & T
BB R 22 (2). #Eshis EMF (< k55
e, #Ehix QFMIc Lk 25HAMETH 5. X8
mEEE QFMIc & 2 mERFRMED, y=0.9
x+0.4, r=0.94 (P<0.001) :&\EM%R
L7 (H3).

%1 QFM r EMF (EmRHEE) ik 2Kk
Bk REFTA, QFM ic & 2 mEEFHAE

& ERE
X&8% |1]|2|3|a|5|6|7|8]|9]|10|PHmtsD
A | QFM | 130|192 | 150 | 168 | 120 | 144 {132 [ 120 [120 [ 126 | w122
(mifmin) | EMF | 127 (183 | 163 { 165 | 110 | 135 | 110 | 195 | 114 | 125 [ 134225
nwg| OFM |4 fa3|arias|27lz7{az2|37| 1] 41| astos
() \gegl| 3545|3545 3 (3] a|a[3] e s6tos
EMF RMNE
(mi/min) F-A mean flow 5(2"‘) FeA diameter

200

160

y=1.05x—-12.9 y=0.9x+0.4
r=0.94
9<0.001

120 n=10

QFM
160 200 (mi/min)

K2 QFM ¢ EMF it
X3 QFM mEEAAIE s RAMEN HE

120

3.0

4.0

BEERREI R A LI E B #ATERIC BT 5 MKE

QFM
50 (mm)
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ATMEIC & 5 EEABIRE #RAT% DT &

(FHma, RAKE, RNKER), WECFY
TR, RAWE, wARE), OEEELE X%
Awtiall 2 (£2),

i) Hg

EERIZE#RATA.540.8ml/sec, Btk
(35.2+1.1mé/sec L ML 7= BB CTld e -
72, BRRETY QFMELRIENBERTH
27 (R3).HAMBLB/IHRRIZELICHERE
(A S g X A

i) W

T i3 & #ATA16 £3.6cm/sec, Bk
19.8+4.1cm/sec LML =2 FHEIX %L,
A H#(230.8+6.1cm/sec % 542.5+9.1cm/
sec L BBLHMTH -7z (P<0.05). 5/
BICELIZ 2 - 72,

i) MEE

nEES L UERMIEBL LIcEkIZALNRT,
AT EERIC & 2 ERBRIEOECOENE
WREICEIE 72,

REENKREENR, KEEEIR, BREHRO T
B (IE)

WIEER, KEBEIRK, BREBROKE L HiHE
RMEEY ENFTEEESIIC AT,

1) RSk

i) mE

FHFEIZ20~39F (n=12) T10.4+2mk/
sec, 40~594 (n=10) T7.6%1.5mé/sec, 60
~79% (n=10) T 7.4+0.7ol/sec, &m4ic

&b (13) S ERMBEIYALN, AT UBETHEE Y
£2 AOBEIKEIIRIC BT 5 ALMEBRRAEOMBEL *%%P<0.05

X&% | 1 2 3 a 5 6 7 8 @ £SD

pee t o CIRORE RR AR SRR AR AR AR K R NE RECEE REEE 2B L

PORR las|ss[safralse|seez{arfarfasfsr] 6 [a2]ar]a7]ea| ast0n| 52211
Bx - e3[ins|we|insji0afinalez|127)6s 10|03 |127]56 66| 10 |12.2] 227121229
i o les|asf2s(sofre]2s] 2 |Lafrefrr| 3 |24 12| 08| 07| re| roros| 22205
TERB 20| 0| 1| 22 [10.9)16.4|10.6[12.5|22.5[20.8[14.4] 10.4| 107|227 138 16.3] 16£3.6{18.82 4
Bx v [sm[s27{3a3]4s.0)22.630.5)20.4|36.7|38.8|57.3] 22 [35.3(26.4{37.2{ 35.1|42.1|30.06.1 {42500
B o laafnafeefes|es|23]se|safnzfea|ee]ns]ss| 12 67|57| n2k2 | s6t2s
BEE [50]50] 7 |65]68[60|68|60|es| 5 |66]6a|53(e6]58|s8| 5209 sstos
AMEM 05|04 ]07]|06|0s|05|03f0oafoa|03]oafar]os|0sf0s|07]0st01] 05501
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%3 A0BEMAEKALLEERA%NQ
FM #&&t#ifE & EMF JigstRlE
A E S 1 2 3 4 5 6 7 8 i+ S0
ed -l C IR BECEE RECEE AR A AR S AR N BE REAK 1§ i
7 & |QFM (258 | 330 (342 | 438 { 324 | 354 ( 252 | 282 | 246 | 258 | 306 | 360 | 192 | 222 [ 222 | 258 | 268148 | 313166
(mi/min) | EMF | 255 | 330 | 365 | 445 | 320 | 340 ( 255 | 270 | 240 | 255 | 300 | 355 | 180 | 210 | 220 | 265 | 26755 | 308+ 69
c'?]g,‘fa“ cv.eAlo'gg;n C-A diameter Max-Min
(mi/sec) {mi/s ec).. Mex [ (em/sec) (cm/sec) Mex O (mm) (mm)
20 50 o 40| 100 — 10 1.0
9<0001 ALl
40 80| 8 ,[ I. l 0.8 p<0.05
8 p<0.01 30 0<005
~— ~
30 60| 6 0.6
10 20|
20 40 4 04
5 | I ) | I
10 20| 2 0.2
nLe L
Z‘O 4‘0 S’O 2‘0 4‘0 G‘O *» E’O 4’0 S‘O 2‘0 4‘0 G‘O xn 20 40 60 20 40 60 ¥»
39 59 79 39 S9 79 38 59 79 39 59 79 39 5‘9 7‘9 3‘9 5‘9 7‘9
M4 BEGHROTHRE, TX RNEEOFHFIIEL
®5 KESROTFHHE, BAk BIREOFEFHEL
X6 KREHRNOFES L UERIBNESTIEIL

oA LN (P<0.01) (K4). RAKE
220~3974, 40~594, 60~794 T, TN EFh
32.7+7.7ml/sec, 15.9+3.6mé/sec, 15.7%+2.1
nf/sec X404 %/ LTCHRBICEAS L2 (P<
0.001). B/hfEIImMSic k2 E iz eh 1,

i)

Y3733 12 20 ~ 394 T21.3+ 4. 3cm/sec, 40~
597, 16.5+3.7cm/sec, 60~794, 16+3.8cm
/sec LA0F LIETCRERF LB A b0z (P
<0.05) (5). BAHEDL £ £163.8116
em/sec, 35.7+8.6cm/sec, 33.417.7cm/sec &
I LFELRALERL (P<0.001). &
NEEIEmAIC L B EId k5T,

i) MEEL & CERAIE

mEEIZ20~3974, 7.9+1.1mm, 40~597F,
7.8%£0.8um, 60~792, 7.910.9mm& MN4ic &
BEALIZ U b - 12hf, BIRMBIZZNFN,0.5
+0.2mm, 0.5+0.2mm, 0.3+£0.1um& 60445
BEELmAERLL (P<0.05) (X6).

2) KE&spiR

i) ik

) in&i320~3974, 6.5+1.8ml/sec, 40~

597, 4.9+1.1mé/sec, 60~794, 4.3+0.8mé
/sec LA LLRTRERELRI YA LN (P<L
0.05), FAMBIC BV Tid, ENFN23.7£10.2
mé/sec, 17.5+3.7ml/sec, 15.5+3.2ml/sec
LK LV BEIALNELNDFEEIT L,
BAMEEBESIC LB L7 (7).

i) W&

FHHEIT20~39F, 19.117.7cm/sec, 40~
594, 17.1+7.3cm/sec, 60~794, 7.9+2.2
cm/sec 604 b L AEELFHA 2R (P<0.01),
BRTGEIC BT L RIS, 65.9130cm/sec,
53+24.4cm/sec, 27.2+7.2cm/sec L 604 2 5
BERELmALE#RLE (P<0.01) (X8). &4
R MEIc & 2ER L h -2,

i) MEES & CERUE
MmE#EIT20~397F, 6.9+1.3mm, 40~597F,
6.9+1.6mm, 60~79%, 8.5+0.9mm & 604 %5
ARLHM A L0 (P<0.05). FIRALIE,
ZnEn0.4+0.1om, 0.3+0.1mm, 0.3£0.2mm
LIRAERIEA LN EREERI -7 (B

9).
3) RE®Ik
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F-Aﬂ‘;clean F\;eAIo:‘i:;n F*A diameter Max-Min
{ml/sec) (mi/sec) (cm/sec) {cm/sec) {men) (mm)
10 a0 v 40 100 w0} ¥ g0
,;<_M|5 Min
8 8 4 0.8
I 30 30 <001 F g
6 I o (-] 0.6
20 20
4 1 4 0.4
2 o o n 2 O.ZL
2’0 4|(. 5|‘- 3’0 4|° 5‘0 x» 20 4‘0 6’0 2'0 40 60 ¥m 20 40 60 20 40 60 8
39 59 79 39 59 79 39 58 79 39 59 78 39 5‘9 7‘9 3959 79
M7 XEBROFHHER, &A, BAREOFRINENL
X8 KEBERNOTFHFE, &L, BARENFESFNEL
X9 XE&RNMEFES & UERRMLIBENOESFNE
D-F;u;cvean D\;:o':ii:n D+P diameter Max-Min
{mi/sec) {ml/sec) {cm/sec) {cm/sec) {mm) {mm)
20 10 max [J 40 100 Max [ 4q 0.4
Min Min
8 80|
1.5} o<o0s 30 3 0.3} <005
T p<ots "
— 6 60|
1.0 20 2 0.2
4 40|
0.5 2 10| 20 1 o
2 | b | b il | s | 15
2‘0 4‘0 G‘O Z‘O 40 G‘O *» 20 40 6'0 2‘0 4‘0 G‘O *n Z‘O 4‘0 S‘O 20 40 6|0 R
3959 79 39 59 79 3959 79 39 58 79 39 59 79 39 59 79
X100 RE#HIRHOFHFE, &R, BIRENFERIIEL
[11 RESRDFHTGE BK RADREOFESHEL
M12 RESK) LEESL L CEREEBOESIELL
i) WE BThHo1o,

EEEIZ20~394, 1.1+0.2mé/sec, 40~
597, 0.9+0.2ml/sec, 60~79+, 0.7+0.2ml
/sect BEERBIARELBL2RLE (WFh
$P<0.05) (X10). BAKEEIE, T ENn3.3
+0.9ml/sec, 4.3+1.6ml/sec, 3.3+1.6ml/sec
EME L2 FRLE ALY, BARE

i) MEZES & CERAIE

nEZIIMEIC 2 %EbidALNT, BEM
1@I3FNZ40.2+0.05mm, 0.12+0.08mm0.13
+0.04mm 2 405 & D FE L BLH A LN (P
<0.05) (X12).

ATRC & 5 KREIR, BREBROME, i,

LRETH 72, nEZRZEL (VE)
i) Wk 1) KERSEHAR
EHiE 13 20~ 394, 22.3+ 2cm/sec,40~59 i) KE

#+, 18.6+6.8cm/sec, 60~794, 17+8.5cm/
sec L iRAMEMERL 224, BR LB Tld e
otz (X11) . B k#IX, 2 £h65+15.2cm
+15.2cm/sec, 56.9+21.3cm/sec,55.9+17.5
cm/sec THBLELIZALNT, RAFED R

AR EH) R EI36.8+0.4ml/sec, AR X
8.3+ 0.5ml/sec L BFE LM% R L (P<0.001),
BERifEL26.2+1.7ml/sech232.5+3.2ml/
sec * HE oML 22 (P<0.001)(%&4). &
INRBICE G- 7,
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F 4 ATHC & B KERENR, REBNR. MKZEL
*P<0.001, *%P<0.01, ***P<0.05

[ R R4 KBEBK =10 EWERK n=10
A [ .1} * L7} *
TR (ni/se0) | 6.8£04 | 8.3F05 | 1203 | 16%03
|k + (- | w2ty |325t32 | 1x2 | 18+
|/ ¢y} 12205 | 18405 | 05403 | 0.4+0.2
THFE cmiseer | 127212 | 20981 | 166423 | 213466

/X v ( « )| 648144 m24 73.2121.4 | 84.2£16.6

B v (.| 22413 | 49%15 | 3.9+28 | 52+35

on*KE (m 1£0.2 1+0.2 29103 305
FMEUE () 0.4+0.05] 0.43+0.03 [ 0.2+0.08| 0.2+0.03
i) ik

SEHHEIZ17.711.2cm/sech* 521.9+1.0
cm/sec & HEICHML (P<0.001), BkifHE
$64.8+4.4cm/sech 577.2+4.0cm/sec X H
FhmmzRL 722 (P<0.001). B/ f#i33.2
+1.3cm/sec > 54.9+1.5cm/sec & HEIC M
L7z (P<0.05).

i) MEEB & CERAIE

mEFRICAMIC L 2EIEALNT, BIRAL
18i30.4+0.05mm#* 50.43+0.03mm > =%~ 3
ML HEZERI kb -7z,

2) REEIK

i) W&

ETHIES R EIZ]1.220.3ml/sec, BHEIT
1.610.3ml/sec & HFICHEML 7z (P<0.01).
FERHEIZ 7 £2.0ml/sec 7.8+ 3.4ml/sec
LAFICEARELELIALNT, BNEE
LB e 72,

i) W

AR #EI216.6 £ 2. 3cm/sec, B i
#21.3+6.6cm/sec LML 22 FEEIR % <,
BATE, BTELFERETERLEIRAS
Nieh -7z,

i) WEES L CERLE

AT MERI32.940.3mm, HAFF%H3.0
+0.5mm & Efb% <, FERMIES0.2+£0.08mm
750.2+£0.03mm & EfbiZA b i - 12,

fgiEHBERBEOREBIRCE, FE DF
7 (VE)

i) Rk

x5 (SEAERELNEBECRESIRICEITS

I 75 Mg %%k P<0,05

Bt A 8B £ ¥ mm ik
n_m [FER[EW
FHR (mi/sec) | 6.1E0T | T.6ELS5
B v (. | 105244 [15.9+38
B0 ao| 3.3%06 | 4.2+
FHTE (cm/sec) | 14.5£2.2 | 16.5+3.7
BX ¢ (. )| 38.6+123 | 35.7486.6
B0 (o | 413 | s2t2g
mERE (mm 7.7£0.6 | 7.8%0.8
BEEE (o) | 0.36+0.1 | 0.5%0.2

fEEAHERBEOFLMRIZ6.7£0.7ml/sec
TR (BEH 0 40~597) 137.6+1.5ml
/sec LWL FRETld a2, TANRE
KEkIZALNT, BAKRIZ, £REN 3.3
+0.6ml/sec, 4.2+1.0ml/sec **ERBHZIL
BELRSDALN (P<0.05),

i) Wk

TS B B AHT14.512. 2cm/sec, 1
FBEI216.513.7Tcm/sec * B L &Iz % <,
BAE, B/NEE QICHAELEIRALN
h o712,

i) MEEB L CERAE

MEEICELZALNT, FRABITHER
#5%0.36 0. 1mm, xfREAH0.5£0.2mm & %
BECHELBL L2 EELRS TR, - 12,

¥ ®

FHF 778219564250 2 & ) ik
EEgiz B e L CRB I N, ZDESEN
DIEAIZE & U COBBEERE TRA LN H128)
hERDOLFE, LS F 7T EL B L
Hoh b7, MKICEd F778HRIFY
MEARNENICEZ2RELINOREFEEL L
NTW A MG D MRS & DEKELIC L 5 L D
ThHHZEHBHLP LR 1289 Moo
Fiz MFEE by b DA TEDHEEICD
WTRBRTELVWEWIBREY S22, L
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L 19664E e & 10V 2 B ik BRI N, 19674
McLeod & 25 (iAHF#F A2 BB L BEFHE F
T L RN FEERICEIILZ, 2D
HIEB M M FFHAE L L CEBRICES AV S
nNakJiice, BERPREOLEFIINL T
ERICEBHIN TS, mikicid 2B
BEIFABEDIzHOIEEEREILT 5 Z L IEATT
BBThoT, MMNMEIELFRT 2 HEL
L C Olson & 93 i ERBER P 7> AP 2 —
Y——ENHEZLOIT-OTFERER F
YAV a—H—2HlAEbE 70— 7 CRE
AEEZBIUWIENEREZEHL T2, Ly
LIDFETRARCHNTIBERE —L8F
FHELP T HLADHRABRELZEL L EEZ
b, FRKEIZFHLEEE B REEE
INBREL LN THOKRZEHT 5108
Twisy, Borodzinski 5 <z F 758
FIEHL—ENAEEF*DITL2OD 5 R
Ca—Y—CTHER BEAEZFAL, b5
—HD T RAY a—H—IZ THEN MFLEDFT
BT WEHLEEE BN MFTGES D 0K
BZ2EHL T3, LALZOFETLLEE
REIBEZERL THY, FLREAEOREEC
LRABEH N VDBENFELD EEZ LN
%. Kossoff 5193 BE— FKIBEE4 A LI
EETCHTALKERNERA 7oA 2 —%
—ORFAELRELENLERNER 2B
To>Tw3, L LAETL MERREMBNFT
WrBZ b TBLTENKEFFHILIZSW
B, SEERLICE VERINALEEEQ

FM) b RE %85 08B0 & <
3MND b T2 RV 2 —H—F F VIR LFE D
HiEZ THeic L, & 5z Hokanson 219 2Eg
BLIEBEE VAZI—E2ICHAL2LNRE
B MEENFHMLTRRICL 2, FL-ERBT
OMBERFAIEZ WETE 3 L0 THRFETHIO
BEI»ZNEVLNLEZLND, HELY
RBAZEOFRIREE 2 BEREH & WERFTL
Twaih, EFNVERE L TKERNIC5mm N
T727INVE)Czy PEEZBLALEZAEWTH
BRTRYT Z Lo ) HE & BEKFENFR
EBIhW, 0BLURNBETHDZ L2 HRE
L, 3HEOKE LD LEWERIC THEN

HRE2HEL T3, FHERALKTZ2EAL
MR AL105E % B v CREE I KBREIR D 2
il B e WERREFF OB EBI 4w,
BT &< y=1.06x—12.9, r=0.94 (P
<0.001) &) FWiEBE % 2 72, HERERAERA
&2 AIOEBERENT T 7 F RIBDFHRIL,
FHRE, RAKREE DICHEELEIZEL,

FHFELFR LRI A LN -2, BK
FEIC BT, 30.81+6.1cm/sec H* 542.5+9.1
cm/sec L HER L HME A2D, ALLENE
HMRENRRIC & 5 RENMAD, WEERICEL
WHEL 2o REBELICHEL2ERS &
Ehh b, LERRAIEIE, BEHRITZE LIC05
+0.1mm & Eib <, BMBEEICIIRELE
bz bneh -7z, LED#HERE ) BERAER
BROEMEME & L COBEED D 2 RERRL 2
ELTHRMEBRICHE L RIZTII Y oM
ERREI LW EEZLNSE, L2 Lids, A
ThEFEHRIC L 2 EHRABROBENLE & LT
DR RERIZ, BB RMEERICH L TR
HMOMBE2ZATBISBRBREININETH
59, ZkBEERREE T IEES L OKEIR
NBRTHHZ L, BERBORSHE 2L,

HEERDHAITHLZ 2 ok, BEE
BIRER L o ALOEERIC & 2 RO LT
BB L BEHBLEIITE LW, SBINED
ZIEB MMM SRR I N, FEIHRLFITHT
BEHRIAFREIC A X RHIIC b7 5 miTEIE%
BHLPIITEBRLNDEEZ S,

FBER TORIEFH BLIL, BREL TE L7208
R TGO O D LEHRIL 72,
FAH M E o) M ATEYRE I3 38 2 L ERRY, S
&) BEMICET 5, £F 5 RRM M
BRPCERCERT I L 2HELTH,
BA, ML EEERTEGRREY B
WIATENRENFRE L E(LE, Znk 5 &Mk *
F—r0BEtErEE L ChEESMEIc &
HRMMEEROMMEBEHRL T2 L 28
HLTWw3, $ENFHHAITYL FT7OREBRCEE
e & CHERICTE, WEICKELELERTZ
EERBRLTBYN, MKFTRICHEL CiEEL
BETHRZZITLEE 5%,

WA 52012 QFM (£7/01400, BANRE)



296 o= |

*EE LAESROMSI & 5 MFKELE RS
L, BEFE (20~3071%) - FHifigkiz1l.3ml
/sec, B4r# (504 LIE) Ti38.4ml/sec & i
BoORAL2HEL, LRFIIFEEET, FHR
1#27.7cm/sec T, Z & ICEKIRE68.5cm/sec
e/ NfiiE13.7cm/sec, BEETIX, ThEhl4
.3cm/sec, 37.1cm/sec, 6.6cm/sec T, Z &.iZ
BARENMETHEHATH> 2 BEL T3,
F o MERICOVTCE, BEFENTFHOEERI
7.2mm, F4 % Tl38.6mm L N4ic & 4 MERE
¥ KERL, NERRAIELEFEE TO.54mm,
E4HC0.28mm EEBRICHAT LT L EBE
LT3, EHOFNTLBHHEIZ20~39F
10.4+2.0ml/sec, 40 ~597F T7.6+1.5ml/sec
60~7974 T7.410.7ml/sec & 4ic & 2 ED
BLERL, FIOTLUEIZEATH-72. F
¥Rz, 20~394 C21.3+4.3cm/sec, 40~
594 16.5+3.7cm/sec, 60~7974 T16+3.8
cm/sec kMDA IZ40F LR L VEBATH
>f:. BAEEICBWTIE, ZNZ463.8116
sm/sec, 35.7 +-8.6cm/sec, 33.4+7.7cm/sec &
maic L 3EA %R, FRC40A LD LER/T
Bt WEES L CERLIEE, 20~39FT
FNEFNT.9+1.1mm, 0.5+0.2mm,40~5974
7.8+0.8mm, 0.5+0.2mm, 60~7974 T7.9
+0.9mm, 0.3+0.1mm & N4 ic & 5 MEFEED
BREIFHEOFHUTIRZHLNT, ERMLIEIT
604 LIEICER LRI AL NIz, BREEIIRIC
B smMec L 2 MiTBENE L WELIZ L
BEFHOFHET, REENHIICLEINE
EZLNTW3, ZOBRIETF, AALPY
BELTCEY, SANEENHARERPLLE
BT BMFIT B bz eEZLS,
BERLUSN DFRBENIRD MK AEEZ AT
FHAIL 22 8&Ei2 % <, RENOTHREIIREAZEEE
BADOGRALAMROKRELHHN—D2TH B,
FAZEMEIIRE{LEE, Buerger 557 & RiEEHIRE
BB T EEMNY MRERIG L L,
gD BHI2 M B M4 follow up 7r &'z
BOTHERATHS, EHEIIREECE TR
gk, REBROMSIC L 2HKE, W&, OF
ZB LUERMBNEMEREL EOREZBZ
Yo leht, KEBEIIRIC BV TH40FLIRICL B

L J—

EERALRBORLH A b, HiERHD, BEMW
BHEOBL L &b TF K L ) BIREE L
BOEBREICA-TEER S, ZLIZ604LL
BICh B L HEDRLH R LICEBET, AESE
BYARREALEE % & DRIEEIIRE B A60F K & 0
My2EEXEMIELnLBEbND, ERAL
E@h 54, 20~3940.4+0.1mm, 40~5970,
3440.1mm, 60~7940.3+0.2mm & EE{HR M
PREALTED, Maic & 2EE8LH ) b
na, REBRICEY I RBEIRICALNS
&I meic &k BE, WERMAIZEATE WV,
N LIZAEMBIRBECESE & L THEBX
BRI & ) IEEEVROMICER T L L
—B L, KEBEIRIC BT 2604 LUk L D nEHR
LHERS LK & —FT 3.
hATHERRT% 0 MATE BN S HIEERAI
BIhbndkliick-TE%, LbRa
B, WOTLFEFBICFHMTENTRELES
Thd., TN TEENLHEDG TE LD
728, Sound-spectrogram = Zero-Cross-
Count H# F\W T/ 9 —> Db EL L
TBI b TERBY, BRIFENAEIIR
BiDdFinos—ricHilldns Lt b
Tw323, LaLiad 54 T3 BhitEk
»HNEHBEIIZ O L, hoE#REER
TAIUENDHD, o THFERNEEET S
ZTHEZHBZILIZL > L L EENL LT
B, RREFEEZEbELHLEAN T
— 23 L TwWiTiEREA L it folow up
LURETHY), FHREZFETHDIHMHETH
59.

19644F, Lassen 520 |2 k N #i4 & 72138
XeZ7 VP77 A EE L TTRE O MLERR
FICHWLN, THRERMAEEREBHOZE, &
BERE, WL Ly FBEECBT
% T IR EE)RE ) B 1R IR A BEAF 72303V IS HRIE < 16
AE3nTw3, EBHAMCLIH, EMLEn
hRELEZRL LBREIX SV, KEBEHK,
REBRNERN L MEELE BEL 2wt
R&oy, FHERIREZENEHAMIC L 5 KR
Bhik, REBIRNHMMEILZRETL 22, AR
KEBEDAR FHif & 136.8£0.4ml/sec, & H#%8.3
+0.5ml/sec L FEELHMERL, FHERED



FLIRARSNLFFBEMAMREC & 5 RIGSIROTEE & BRICH 297

17.7+1.2cm/sec#* & 21.9+1.0cm/sec & 8
AL TEY), BREBRKICB T EBENER
Thotz, SHEIZKRIEEIRFAZEMERBICHL T
AFERIIB I T > T vy, BITHREI
& LT AHRIROKBEIR, BESR. MR
B ERRZMOLHNFERLT— S 2 RET 5
bNEEZS,

TE1R B M TFH)FESI343.1F TRIFERD
MEE L ORBENIRIC BT 5 MK E 8T
3L, NEHOFHHET.621.5ml/secThS
it L, fEUEHEHREEZ6.711.5ml/sec ZiE
LR ERL, FEREIC B TR, X
MB16.5+3.7cm/secic & L 14.5+2.2 cm/sec
ERAERY AL, BRAEIE, *FBRE
0.5£0.2mm x4 L 0.36+0.1mm & BE{HEM
LiRAERA A SN, FEIARIC 31T 5 MK, <
F—r i NLBEEEZFEL L) LT 2RALA
LN BHBP2ID D3 ) MFTHEIFD A & DL
oMt o L { LB E b TER
T2UENFHD, AERITHENOFEE & FHEK
ErESIIBond Z & L) REEROSI
EhYTHBREES*ZFELT—I2EH/L €
WIHIEB L TRIBLNZ2LDEEZ S,

& &

ol CRRESN-FERMEYERAMFE(Q
FM, ®7/1 :1400, HAXE) 2#HL, X
e (REEIIK, KEEEIR, EE&IR) Hn
Wz BZ v, SHLICATILEBERAIED
mMATENENEIL 2 EB L UTNHR2HE.
1) AR AZERAL, KBSk LKERZ5

4

B ERKEE & NHEEE A2, 1=0.94(P
<0.001, y=1.05x —12.9)NER %18/,

2) BEEBENREENR, KEEIR, EEHHRD
méric & 2 Mzl 2 Az, BEERO KE,
WEE HICAWALIBICAERELRD 2R, 604
D#gic AR BEMERENEI AL N, KR
BIIRIC BWTiE, 0FLIBICFEARENEE X
BAh AL, 604 LUEIC FHNHE, JRATE
DEBELEOHAE LN, % B60A LI IE
BORELEN»A LN, REEBIRICEB VT
13, FHRRITOFLUBCEHFRICHEDL 2.
3) EBHAFC L ) KERBIRDTFEHRE, KX
MEELICHERCHML, F-FHIE, &KX
WEE ICHBELEMY A LN, RiFSHIRIC
BWiE, FHREBICERLHME A7:,

4) EHERERBENREBRIC BT 3 HKE,
o, MEES I UCERNEBRREEROEES
CHLAEBLELREALN LR -T2,

5) ATMEEBERIC &) Z DKW THFERE
B, WRCEELEII L, BEHBEICLE
BLBbizAbnlh -7z,

Faik#zziciRAs, HEY BKMzELYEL
TeFAEBIRICERS LT, FLHEHE, HF
Fivie7s& & Lz BILAFMBERER S, M=
Bh#ER, #RIEHISTIER - - NEE =M IC RSN E
#RLET. b THBNIE- -HER FOLICRE
B LT,

U BEBXHOERIL, $£450 0 FBRBES, $81
B AEEARESICEWTIRELL,

[

1. Satomura, S., Matsubara, S. and Yoshida, M.: A new method of mechanical vibration measurement
and its application. Memories Inst. Sci. Indust. Res. Osaka Univ. 13, 125—133, 1956.

2. BREX BERF 778 & 3 LBBIEREOTE.

20, 227—2281956.

F18. F77&0RE, ®2H, £E HER

3. HFHEHE, FER, CHRAE BNEE ERE-, PERE BNEX BTV 7 IHECLL08BE
REENOHR, £33, Doppler EniEMHE, F4#, BRNTCH (F&), HIES. 20, 228, 1956.
4. Satomura, S.: Ultrasonic Doppler method for the inspection of cardiac function. J. Acoust. Soc. Am.

29, 1181—1185, 1957,

5. Satomura, S., Nimura, Y., Yoshida, T.: Ultrasonic Doppler cardiograph. Proceeding of 3rd Internati-



298

= B ¥ =

onal Conference on Medical Electronics. London, p. 249, 1960.

. Yoshida, T., Mori, M., Nimura, Y., Hikita, G., Takagishi, S., Nakanishi, K. and Satomura, S.: Analysis

of heart motion with ultrasonic Doppler method and its clinical application. Am. HeartJ. 61, 61—75,
1961.

7. BREX BFRIC L ZREERORERE, BFEEE¥SHE, 15, 151—158, 1959.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.
26.

. Franklin, D.L., Schlegel, W. and Rushmer, R.F.: Blood flow measured by Doppler frequency shift of

backscattered ultrasound. Science 134, 564—565, 1961.

. Kato, K., Kido, Y., Motomiya, M., Kaneko, Z. and Kotani, H.: Memories Inst. Sci. Iudust. Res. Osaka

Univ. 19, 51—57, 1962.

MEEIE, KR BFROWKE (F778) CBIT3RETO—FiE, HIEBFEEFSEERL
#, 10, 78, 1966.

Kato, K. and Izumi, T.: A new ultrasonic Doppler flow meter that can detect flow directions. Med.
Ultrason. 5, 28, 1967.

McLeod, F.D.: A directional Doppler flow meter. Digest of the 7th International Conference on Mech-
anical and Biological Engineering. Stockholm, p. 213—214, 1967.

Olson, R.M.: Human carotid artery wall thickness, diameter, and blood flow by a non-invasive techni-
que. J. Appl. Physiol. 37, 955—960, 1974.

Borodzinski, K., Filipezynski, I., Nowicki, A., Powalowski, T.: Quantitative transcutaneous measure-
ments of blood flow in carotid artery by means of pulse aod continuous wave Doppler methods, Ultra-
sound Med. Biol. 2, 189—193, 1976.

Kossoff, G.: Combined B-mode and pulsed Dopplar technique for quantitative measurement of blood
flow in deeplying vessel. Proc. the 3vd European Cong. Ult. Med. & Biol. Oct. 1978.

Hokanson, D.E., Mozersky, D.J. and Aummer, D.S., Standness, D.E.: A phase-locked echo-tracking sy-
stem for recording arterial diameter changes in vivo. J. Appl. Physiol. 32, 728—733, 1972.

HiEE, BHR—, HTEERE FUE, BEMEE, Wl FHER . DFEENEETREHEL 8
FHRF77% BEREFLEKRTIS, 17, 264—268, 1978.

KEER BERF7I7RLBEREAINT A X777 4 BOHHIC L 2B LM.CAERAIERE, BLE
FoWEARE .,

Kaneko, Z., Kotani, H., Komuta, K. and Satomura, S.: Studies on peripheral circulation by ultrasonic
blood rheograph. Jpn. Circ. J. 25, 203—213, 1961.

AER  BFELAEFHC L5 2, 3NERBERKICTT 2RKNEHICHT 2R, AESHE 93, 368
—376, 1971.

BAUBRER, HFER, HUIME, HFRIES, S, TR, M, #2F51%E  Development of the
non-invasive and quantitative measurement system to measure carotid blood flow. J. Cardiography
10, 285—295, 1980.

Kaneko, Z., Shiraishi, J.,Omizo, H., Inaka, H., Ueshima, T.: Analysis of ultrasonic blood rheogram by
the sound spectrograph. Jpn. Circ. J. 34, 1035—1045, 1970.

1=#t%&i4 . Ultrasonic Doppler Techniques Applied to the Assessment of the Blood Flow. k&2, 18,
239—251, 1978.

£ 23 5 . Assesment of peripheral blood flow in the extremities by a Doppler ultrasonic flow meter.
URE#, 19, 831—835, 1979.

BERE | REEBIROITERTO T RHENERE L L CoLRNENEH, IREF, 13, 174, 1973,
Lassen, N.A,, Lindbjerg, J. and Munck, O.: Measurement of blood flow through skeletal muscle by in-



27.
28.

29.
30.

31.

32.
33.

#L AR NER M iFREC & 5 RIEBIR LI E & BRAR G 299

tramuscular injection of Xe-133. Lancet 1, 686—689, 1964.

EEAAT  Xe-1337 ) 75 > RBEC & 2 THAREHLREANESRR REF, 12, 115—119, 1972.
THBH B TRBIRAZEICE TS Xe 133827 VT 7 R L2 EM, SLkEECET 2%,
IRE, 17, 715—726, 1977.

SEHIESX - THRENRAZEMKRICEIT S Xe133 7 ) 77 AENRIKIGH, %E¥, 15, 671—677, 1978.
T ¢nnsen, K.H.: Blood flow through muscle during rythmic contraction measured by !3*Xenon. Scand.
J. Clin. Lab. Invest. 16, 646—654, 1964.

Clausen, J.P. and Lassen, N.A.: Muscle blood flow during exercise in normal man studied by the Xe-
non-133 clearance method. Cardiovasc. Res. 5, 245—254, 1971.

FIER# | HrfErEER 7 78, REF, 21, 2601—2610, 1972.

NG D FARTIYBER F 7 78IC L 2BRMLFE <5 —>, LB, 5, 1356—1366, 1973.



300 : : fr = IR OE =

3

Peripheral blood flow measured by a newly developed
non-invasive and quantitative blood flow meter (QFM)
and its clinical use.

The blood flow of peripheral arteries, and the change of
flow after experimental replacement of a prosthesis
Koji NAKASONE
The Second Department of Surgery Okayama University Medical School

(Director: Prof. S. Teramoto)

A newly developed non-invasive and quantitative blood flow meter (QFM) was used
to measure blood flow in human peripheral arteries (common carotid artery, femoral
artery, dorsal pedal artery), and to determine hemodynamic differences after replace-
ment of the canine abdominal aorta with a prosthesis.

The results obtained were as follows:

1) Blood flow of the canine femoral artery by QFM correlated well with that ob-
tained by an electromagnetic flow meter with a correlation coefficient ( r ) of 0.94 (p<
0.001) (y=1.05x-12.9).

2) In normal subjects, blood flow of the common carotid, femoral and dorsal pedal
arteries changed with age, namely, the blood flow of the common carotid artery de-
creased after the age of 40 with a statistically significant difference and that of the
femoral artery after the age of 60.

3) The blood flow and velocity in the femoral artery and dorsal pedal arteries in-
creased markedly with exercise.

4) The effect of the prosthetic valve in the mitral position on the aortic flow was
determined in the common carotid artery. However, there was no significant difference.

5) Blood flow and velocity increased after the aorta was replaced with a prosthe-
sis, although there was no significant difference.

It was concluded in the present study that non-invasiveness and the ability of QFM
to detect fine changes in flow patterns would be an ideal tool for diagnosing and follow-
ing up patients with vascular disease.



