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MR Evaluation of Common Femoral Arterial Flow : Age-related Changes and
Characteristics in Obstructive Arterial Disease of Lower Extremities

Kuninori Nomura, Ryusuke Futatsuya, Hikaru Seto,
Tetsuya Kamei and Masao Kakishita

Department of Radiology, Toyama Medical and Pharmaceutical University

Research Code No. : 508.9

Key words : MR imaging, Flow velocity, Femoral artery, ASO

Flow velocity measurements of the common femoral arteries in 60 lower extremities of 30
healthy subjects and 12 lower extremities of 7 patients with arteriosclerosis obliterans (ASO)
were performed by means of magnetic resonance imaging with a use of presaturation bolus
tracking (PBT) method. Our PBT method can provide both precise determination of flow
velocity and evaluation of flow patterns within 30 minutes in the clinical setting.

In phantom study, MR flow velocity had good correlation with actual flow velocity (r=0.997).
30 healthy volunteers were classified into three groups; group 1 (20-40 years), group II (41-60
years) and group Il (61-80 years). Starting time of acceleration (STA) were shortened as the age
progressed. Peak reverse velocity (PRV), maximum deceleration rate (MDR), peak foward
velocity/mean velocity ratio (PFV/MV) and pulsatility index (PI) were significantly decreased
in group Il as compared to group I and group II. Although intraluminal flow profile showed
almost uniform during acceleration time on MR images, flow profile became disproportioned and
reverse flow was observed in the medial portion during deceleration time.These characteristic
hemodynamics were recognized in all healthy subjects regardless to the different age group.

In A50, STA was prolonged and PFV, PRV, Maximum acceleration rate, MDR, PFV/MV, PI,
Vascular sectional area, flow volume were significantly decreased (p<(.001) as compared to the
control healthy group IIl. As the result we obtained marked characteristics such as flattening of
curves and disappearance of reverse flow in MR flow waveform. On MR images, disproportion
of intraluminal flow profile, decreased flow velocities during acceleration time and disappearance
of reverse flow (11 of 12 extremities) during deceleration time were observed.
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[ZL&IZ

T PAZEHEBYIRRETLAE (ASO) I3asmEIc
1 BN RSP 72 & ) O FE L T O—2TH
5, EFFA I —_raf N FVAuT—0
FHAFEEL, ARHOFH 2 LE LT ICHERT
HIENRERE )V, REBORYRERHE
B L T b, ABRO IR e e Wik &
LT BEGZHNTZ—Fy 7785 KT E
(USD #) »m{ Hvbs T3, USD kil
BRI RIS T OLE O, iR % T E 55
MAHDHH, BECRHEEL, FRRam
EOWIESHBEN~= 7)) v MEilz k) #lE
fEAEET 2 RADH HD9,

WEAE,  JRRIEOY 2 A R, I
WL LT, MRT7 > 24 757 412, Pre-
saturation bolus tracking #: (PBT k)17,
Phase encoding #:'#-2Y 7 & g SA e i g bk &
JGH L2 FEF SN TE R, ZohTPBT
B3 A5 oo M & ) B U o 30 % 0 2 Y T g T
BN, F I B PRI e & O WE
OB EZTI WHEER L T2, A5F
RTIE7 7> b AZHALTPBT o iifilE
RERE# MY L7248, BRERBIZEA L, iAo
Wl & 5 TFTRMATEHESCZb2HET 2 & L 1
12, ASO BHIZ BT 2 AL BKRNOERE 2wt
%58

RGNS 302 & BT Il B a4 TiBh g 0 Sl

it
1. FEREERREA

MEDIER TCOMERICREL2EHT, 372
ankle pressure index (API) #5iE4 (1.00 L)L)
TH o fRBEANZ Flpslic THE (20~40 %) 15
1030 KL, IIBE (41~60 %) &6 16 Ik, 111 (61
~80 %) 7 14 BRI HB L TRETL 72,

2, ASO 8%

ASO 8% (57~78 i%) 12 DWT 74D MUk 12
% W% L7z (Table 1), ASO &% m iEHEE 1T
Fontaine F AN I FEH B WIZIIETH - 72,
ASO B 2R AD IR (61~80 ) 71 14 Jit &
R L 72,

Pl EofgRE N, B L ASO BEIZ DT
RE DMK BRBIIR M7 % PBT #:ic & 0 #lgE L 72,

&

MEFH®
1, PBT AlE%

MR W% i 13 SIMENS #: 8¢ MAGNETOM
H15 (1.5T) #Hw/2, FLASH (fast low angle
shot) Hha iR Lz —4 v A2 AL, L5
X [E o b, 480~920/11/2 (TR/TE/ excita-
tion), matrix size 256128, FOV 25cm, 23
A ABES5mm, A7 A4 23 E L7, presatur-
ation bolus ®EA(X 5mm & L, LER® R ¥
7 0~600 msec # 1 L, 0 & 3 @ 40 msec

Table 1 Summary of patients with ASO

Patient API Fontaine R Extremity L Extremity
No. class central peripheral central peripheral
R L stenosis stenosis stenosis stenosis
1 0.43 0.76 I EIA 75%> (=) EIA 50% SFA 75%>, 50%
2 0.40 0.37 11 EIA 75%> (=) EIA 75%> SFA 75%>
3 0.38 1.18 II CIA 100% PA 100% (-) {—)
4 0.34 0.46 II CIA 100% (=) EIA 75% (—)
5 1.11 0.51 II (=) PA 100% CIA-EIA 100% (—)
6 0.61 0.49 11 CIA 95% (=) CIA-EIA 100% (—)
7 0.25 0.41 11 EIA 99% SFA 100% EIA 100% PA 100%

Abbreviation : CIA ; common iliac artery
SFA.; superficial femoral artery

(48)

EIA ; external iliac artery
PA ; popliteal artery

HAERSW H53% HF11%y
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4 @ bolus profile ##i# L 72, % 7= bolus # #%
D IHTER & presaturation band 4§ & o fi
# bolus #8) & | 72,

2, ME7 7> PLERAWEARS) »5—%KE
PBT %I & % RAIEED LEBGETT

BRI ET VT 7> b A% TIEEER 4
iT1-172.

FE10mm, HMEBBmmaL ) arFa—7
DIME 7 7 > b &12 10 ecm/sec A* & 140 cm/sec
FTCO UEHEHOEFEREZKL, A AL »F—
B, PBTHICE DV EEZREL:, #2200 >
F—HETIEBAREICF 2 -7 L D FEILTEKD
e Fa2—7HEL ) FEIELFHL N EK
7. Rl B
3. BRAS LU ASO BEm PBT k(10 & 2 Mk
HBIE

Bl 10 53 FIZC AR %, AEENR 7 At Lo
DA W &R OCERIC L )L, B
MmEZH#EL 2, £2Fy 770t (o> by
— AT ANHB I = F7 w7 Z2D500) FAl
ML 12cm o cuff % 2655 L T EBIMEIIE &
SR EIIRHEIAE: B & USRI B By RIS B 2 3
L7z, REEIRE RIEER & TF S L2 U
HIED A EWT & FEIGEE & ok
API x L7222, _

LECHIE D1 AR B R PBT #:ic &
% MR MLRE % 47 - 72,

(cm/sec)
160 /
140
= 120
G
2 100 |
>
5 80
c 60 | . y=1.00x+6.85
= 40 F )/ r=0.997
/ p<0.001
20 | ¢
0 | | 1 [l 1 1 1 1
0 20 40 60 80 100 120 140 160

: (emisec)
Actual flow velocity

Fig. 1 Relation between actual flow velocity and MR
flow velocity

SERL54E11 A 25 A
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MR fsEfi & 0 HeaRZe (bl it % 46 & Fig. 212
FY LI 0EEB LU MRS L) 2HADE
12 B OREEZFRIL 22, 2 BORHIC BT 3
WAENH) & EIBEOREE L HIL 3D Z L bk
Z bitzds, 2 ABEIFEIR T4 E ORI ERBAL o B
B3k, ZoWiEl Thikd -7z,

1. % i JE AT 3 % © Peak foward velocity
[PFV] (cm/sec) ; CIUARIC & 0 B & U728
I 0. 5485 IBE B AR % e 9 2 fo pei o

2. 5 1 % AT i % © Peak reverse velocity
[PRV] (cm/sec) ; LUk A # b ) MEAT H5 16)~
DIED e e o oW L D BT BT IR R

3. “FH¥ifiiE © mean velocity (cm/sec) ; 4= RR
] Big o ST 27 3 35K,

4. InkBHLAKER | Starting time of accelera-
tion (sec) ; (LB R A S NEAT I F O NLE B 45
F TOREMH,

5. MEKEEMH - Acceleration time (sec) ; i
Blde & 0 WAAT R B & CIz B9 A wEf],

6. i BF[H] o deceleration time (sec) ; JEAT
L D HEr e bW EREIC LR FT
(2B B REfH.

7. HeAhn#Es - Max. acceleration rate (cm/
sec?) | A EZALHIR o> Ak L) AL,

8. dpAiEidEE | Max. deceleration rate (cm/
sec?) ; MEZAGHIMR b o) iR ik L) L,

9. MEMAFTICHE - FEIFEE# L - Peak foward
v./mean v. ratio ; FENEATEIH(a) % S i (c)
THE L 7o,

10, BREFZIKF - Pulsatility index ; i ik 1
DI B NAAT it (2) & JBe i AT iR (b) Dl 2 S35
BE(C)TRR L 7218,

F 72 MRAR L 0 MW EifE %2 ke, 3 72FH
Mk E Of L ) Mm% L, ko2 HED
Iz DWW THRETL 72,

11, If %% W7 Wi %% . Vascular sectional area
(em?) ; firfiisHH > FISP (fast imaging with
steady precession) {4 o if & N O EAE 5
ZIMAEMNEEE L, MERIE L CmAFRmEHE e L
7=
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12, Jftfiat - Flow volume (ml/min) ; ifin 55 W
TR PR M P % 3 1T, - BAr o i % ok
iz,

HERTAVELY, P, BENEEEASL, 2
unpaired t test |2 L ) 7 EERE 21TV, R
S5%LITE&AEES N L HmL 2,

& £
1, ME 77 PLERAWI ARV v & —FE
PBT &IC & 2 RIE(ED LLEETR
Fig. LIc A 2> ) > —ikic k 2 3% L PBT
HBICk 5 L BRI, AR Y=1.00

X+6.85 r=0.997 (p<0.001) &> THRIEF%

B EIRL 72,
2. BEAIZETSKEEER MR &

Fig. 3icf@EA (235%, B O &.OEHD
MR Wi{% # "3, NGEEE AN TRFRIEE S
bolus D2, DRBALART & 12T lE—-TF D F
FPATREL 2L 9Ic R 5, WakEIC Iz 5
EIMAEDRM &M ERE A L, &SI N
THATILG % B 5.

Fig. 4 12 A DABIKBREN IR 2 P & 5401 o
EECMM 2R, 2ok 5 Wiz R L 72
WATIMHRO & — 7 1%, iz BR % < fEEA L5
ICRE&H 67z,

3. BERAIZHT 2 ERREES MR FERFDHT

Table 2 (Zf@HEADFEFEIGH| o, 4535 H
DI L AF AR H R T,

1. BerEATIE | S & OB 2L,

FERE IS & B N BEBYIR AT ) Sl

gh\h

'a

T N I }\ li P

T AN

J J\--— ECG
Fig. 2 Indices of MR flow waveform

e = TR D OO T

:peak foward velocity (em/sec)

: peak reverse velocity (cm/sec)
:mean velocity (cm/sec)

:starting time of acceleration (sec)
:acceleration time (sec)

: deceleration time (sec)

:maximum acceleration rate (cm/sec?)
:maximum deceleration rate (cm/sec?)
:peak foward v./mean v. ratio=a/c

: Pulsatility index= (a+b)/c

Vascular sectional area (¢m?) and
Flow volume (ml/min) are calcurated from MR image.

I # ILEE LM T % L7 11104.2:225.6,
110.7+24.0, 85.0+31.7 (cm/sec) Th - 7=,
RS & OFLUHE & [T & o I fE B 59 LLTF ¢
HEEGRON, TR THBRICHED L T,

2. BRI | TRl S OB R RS 1,
I, I W#EETENAFN-33.5+11.5, —
40.6+15.9, —19.9+7.9 (cm/sec) T, 1, 1II
BEEIRE & DRI ERE 1% LU T THESE RS
N, [IEECHONMEIZA IS L Twiz,

3. RHJGLE [ PRl L OB RS, T3
I#, M#ETZEzN 21 15.5+6.8, 15.9+5.5,

Y B

Fig. 3 MR images of left common femoral artery in a healthy subject :
Although intraluminal flow profile showed almost uniform during acceleration time (d, e), flow profile became
disproportioned (f) and reverse flow was observed in the medial portion (g) during deceleration time.

(50)
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O—=0 medial porion

w====* lateral portion

Y

\\‘m._,_..r’/ajw"i\m\qp

_2[] -

&

N

-40 T

Ll L

T T
0 B0 160 240 320

|
20 800 880 960

T 1
400 480 560 640 7

Gating delay time (msec)
Fig. 4 Relation between flow velocity and gating delay time in a
healthy subject measured by MR flow waveform )

16.5+8.2 (cm/sec) T, HEMICHEZEIIRS
Nnigh =iz,

4, hEBAAGEER 0 1B B, [EOFHE
B ORERERFEIZZNFN 1361216, 118114,
97+14 (msec) Thnfn & & bickiME L, 3HEAH
ARl 1% U T TaREE» R s N7,

5. fnuEEf o TR IR, HIEEOFHIEE &
UEERERZEIR T A 112619, 107+16, 102+
31 (msec) T, £HMICHEERIRLN LD -
i

6. BRI, LB, NBEOFEMES X
UHEHE{REI F NN 141454, 117426, 154+
2 (msec) T, 1HEEIIHE DHICEKRESY
LUTT, FllbelE:omMicd R 1%L
TCHBEED AL NIZD, M S —E Nl
RN -7z,

7. kbR 1R, 1B, MIEEOFHES
b OB R F L F N 1070248, 1181303,
1048 +405 (cm/sec?) T, 1 B, L&, IIHRH
CEEZIIR NG -T2,

Table 2 Indices of common femoral arterial flow in each healthy group (Mean+SD)

group I group Il group III

(n=30) (n=16) (n=14)
Peak foward v. (cm/sec) 104.2+25.6 110.7+24.0 85.0+31.7" bt
Peak reverse v. (cm/sec)** —33.5+11.5 —40.6+15.9 —19.9+7.9" it
Mean v. (cm/sec) 15.5+6.8 15.9+5.5 16.5+8.2
Starting time of ACC (sec)*** 0.136+0.016 0.118+0.014" 0.097+0.014" ¥ ¥
Acceleration time (sec) 0.1124+0.019 0.107+0.016 0.102+0.031
Deceleration time (sec) 0.141£0.054 0.117+0.026' 0.154+0.042 i¥
max ACC rate (cm/sec?) 1070+248 1181303 1048 +405
max DEC rate (cm/sec?)*** —1196£626 —1040+576 —591+314" i
Peak foward v./Mean v.** 7.93+3.44 7.38+1.94 5.82+1.91" it
Pulsatility index** 9.90£5.25 8.96x3.31 6.76+3.23"
Vascular sectional area (cm?)*** 0.84+0.15 0.83+0.13 1.14+0.26" £ X
Flow volume (ml/min) 923+435 956+ 381 1206521
Significance between each index and aging 'p<0.05 p<0.01 lip<<0.001
Significance of between group 1 and group II 'P<0.05 "p<0.01
Significance of between group I and group Il 'p<<0.05 "p<0.01
Significance of between group II and group Il ¥p<0.05 ¥ p<0.01
ERSHFEILH2H (51)
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8. M KIHEE . I, LB, NEOFHEs
F ORI £ M F N — 11964626, — 1040+
576, —591+314 (cm/sec?) THfh & & I
AL, [HEUHEEDBICEBRE 1%LUT T, 1
BE & IEF & DRI s 3 5% LT THERH R L
N, N CHAME A IS LT,

9. ImETTHGHE - CE G o T e, IR, 1
HOFElEL & OUBERZEZZFNFNT7.93+
3.44, 7.38+1.94, 5.82+1.91 X Infh & & L iz
WAL, THEB & TR & I & DRI fE R
S5%BLLT CHMEEM R G, I CHlL A 16
AL T,

10, WRHEIEZE-F L8, 118, NIEEOTFERMES
L UEREREITENFN9.90+5.25 8.96+
3.31, 6.76£3.23 &Mmliw & & LIcHEAL, 1
& DRIC B 5B LIT THEZEI R S N
1 fil

11, WA o L, ILEE, ROt
OB HEREITF N ZF10.8410.15, 0.83+
0.13, 1.14+0.26 T, I, II#&II# > oMEIc
ERER 1B LT CHEENR LN,

12, s @ 1 #, [FE, NEOE#SES Lo
B 5 1T F 2 923+435, 956+381, 1206
£521 T, I#F, I, INBERICHZEZEIZIRSA
oo iz,

4. ASO BEICH T2 KERENR MR 18

Kiz ASO fB#H D & LEF D MR 1% (Fig. 5)

& AR BR B R K LA b #h #t (Fig. 6) % 2IRT

b, ABNL T4 5%, B TERE SR~ P 5E
TIORICEAZEZ D D, Zi kD FEMB L Bz
WAED B IZPAZED L W IEBITH 5.

Fig. 6 (AIX.LHERX R LD 180 msec (g
H 5D, A KRB CIZESRO E 2 b i
(plug flow) 7¥%-—> @ bolus "% L D 13 mm
(HEI 3L T 76.5cm/sec) BEIL TWw3 0
WA LT, AR RBREDIR I3 A R L 72 %
Gk 3.1mm (18.2cm/sec) D&% il 2
I E 2w,

Fig. 6Bt Rt & 1 260 msec 1%, #Hil
FETHR &MY D BB EE D 2 L F UM T
6.2mm (36.5cm/sec), WM ¢1.8mm (10.6
cm/sec) kAT 2MEAHTH B, A T
AN IER L 72 4.9 mm (28.8cm/sec) &%
SR MIEEBD B2 Th 5.,

Fig. 6 Qlx R# L 1) 460 msec #NETH 3.
S TR NNC 3.6 mm (21.2 cm/sec) @
WEsMiR A e B, LA LIS AR T3 s iz iR
JRL723. 1mm (18.2cm/sec) @NAAT UL % 22
HBEIZNTTH 5.

Fig. 6 (i3 R # & Y 540 msec #ETHh 5.,
MAMA N T3 bolus DB EINEETZ ¥ 0 THh 2, I
PAER TR L LTOMIIC BB L 72 2.2 mm
(12.9 cm/sec) DIEATINH % 28> 5,

Pk, #MTdsEBTIE, LEMZ@EL T
TN BRIG U 72/ S e AT RE M A 5 & 7,

5. ASO BHEIZETS MR R

(em/sec)
120+
100+ e
O~ medial in the healthy extremity
804 L = lateral in the healthy extremity
= &—-—4 diseased extremity ( lateral )
8 60 -
: 40
3 ' 8 o
L 204 A A
bt RS
0 @ e
-, @/‘
- 204 \/\r@/
— 404 T T T T T T T T T T T
20 100 180 260 340 420 500 580 GGO 740 820 900

Gating delay time (msec)
Fig. 5 Relation between flow velocity and gating delay time in a
patient with ASO measured by MR flow waveform

(52) HAERS® H53% $H1%5
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‘

&

with ASO:

N T & . i

A ' 3]
.- - ., . P L

X s L_'

DE=540 - 'Eﬁ

Fig. 6 MR images of bilateral common femoral arteries in a patient

In It. common femoral artery which is deseased side, disproportion of
intraluminal flow profile (arrow head), decreased flow velocities and
disappearance of reverse flow were observed. In rt. side, plug flow
pattern during acceleration time and reverse flow in the medial

portion at deceleration time were observed (long arrow).

Table 3 iz ASO B35 (784 12 ) LN
B (T4 14K CTHBEREDFLE L IR
OB ERT.,

1. EEEATHGE [ FHfE B & BRI,
ASO B#, AT, £ F41.6x15.5,
88.7+30.9 (cm/sec) T&H M, ASO B HDHHE
BAEEICE» -7 (p<0.001),

2. TRrEATIHGE C ASO BETIR 112 KRWT
WITHEE —7RR@ED N L o7, ZhexiEz
Yo ritET 5 L, ASO BH L@HADFELE
BLUBEREZEIZNTN, —1.5£5.3, —23.4
+11.3 (cm/sec) TH D, ASO BH D FHHDH
MEIZEEICES -2 (p<0.001),

3. FHFE  FHES L CEERZE, ASO
B, BEATENFN16.9£6.6, 16.5+7.7
(cm/sec) THY, WMEMICHEFEZRIZDH LN

ERS54E11 A 25 H

oz,

4, MEBHGARER C CERE B L BRI R 2 1
ASO B ¥, BN TZ* N £ N 167143, 105+
20 (msec) T&H N, ASO BFH TIZEEEAN & K
L THBIGRBIEL T (p<0.01).

F 72, WIEEALL V) Rz e PAZED & 5
B oy s B Af e V30T B & Feled 2 LB & (2
L TWwiz, FEoORENEEFEGITE
AR AR SR L T /e,

5. hnaE R FHMES L R R R 2 (2 ASO
B BEANATEAEFNI116E40, 107
27 (msec) THY, MFFFIcHEFEEZL RO L
-7z,

6. HLEKEHE  ASO BE T H & 5 D e il #%
T % EE TE eh - 72, @HEA TOFELES
TR ZFNFN 142142 (msec) TH
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Table 3 Indices of common femoral arterial flow in patients with ASO and healthy group Il (Mean+SD)

ASO group III
(n=12) (n=14)
Peak foward v. (cm/sec) 41.6415.5%** 85.0+31.7
Peak reverse v. (cm/sec) 9.0£11.0%** —19.9+7.9
Mean velocity (cm/sec) 17.0+6.6 16.5+8.2
Starting time of ACC (sec) 167 +43** 0.097£0.014
Acceleration time (sec) 11640 0.102+0.031
Deceleration time (sec) N. A, 0.154+0.042
Max ACC rate (cm/sec?) 325+253*** 1048+ 405
Max DEC rate (cm/sec?) —336+353* —591+314
PFV/MV 2.5811.04%+* 5.82+1.91
Pulsatility Index 2.12+1.69*** 6.76+3.23
Vascular sectional area (cm?) 0.53£0.38%** 1.14%0.26
Flow volume (ml/min) 487 £ 309** 1206+521

Significance of between ASO and group III
N. A.: not assessed

-7z,

7, OKEES C SERMEE L R R 2213 ASO
B, BEANTZNZN325+265 10214377
(cm/sec?) TH", ASO BETIIHEZICHL L
7z (p<0.001),

8. BOKELEES | PR L OFERER I ASO
A, HEANTZ N F N 336+353, 6014293
(cm/sec?) T#H N, ASO BECIFATIZHES L
7z (p<0.05).

9. MEATHocrs i - ) s b | SERME S & ok
HgA: I ASO 88, BEATZNFN2.58+
1.04, 5.94+1.70 TH D, ASO BETIIATEIC
WA L7 (p<0.001),

10, BR# T A+ SFEME B & OV FE dE 4R 21
ASO 84, EEATZNFN2.12+1.69, 6.95
+2.85THY, ASORZETIIEZICHLL 22
(p<0.001),

11, i % W T8 49 0 P4 M 3 & O B AR 2 13
ASO .45, EEATZNF40.53+0.39, 1.06
+0.27TTHYN, ASOBREBETIZHEICHLL 2
(p<0.001),

12, MM : SEEMES & ORERER 1 ASO &
#H, WHRATZNZN 4871309, 11264483 T
D, ASO BETRAEFEICHSL 72 (p<0.001).

(54)

*p<0.05 **p<0.01 ***p<0.001

% =

1, @ERADIEIC & 521t

DEEBAAAEERE, [BECH L IBTT Clo b
L, MEETIRESHICIEL V8L Tz, ik
B dG W] 1 OB 2 R 3 & Fiadt i 1 o) NE AT 1f
WANS AN F TORMITH Y, LD SHE
BRAL (5 ENIABKRIRBIIR) * CIREA(EH B E T
DEE L H2Z LN BP0, ik, T4bb
frEd D LAOERK & Ui, BIIREEILDHE
111z & 2 BE @) compliance @ % 25729 A3 f% 3, e
EUHEREFZ LN B, MR 4 EE
L7z9 b, Wi—HFETHENELLEN, IET
ZACH I - 248 TH ), BIREZLOEKL
BT EELEZ LMD,

Wi AT, WA, e NAAT i /
Vi e, MR T & oMtk T e —
7 DIRMRIC B 2 3541, WD e REIIRE
ZBWT, ZNLTOFEmD 1, M~ E
WAL Tz, ZohTRLBINDIZ-2DLT
WD REETIRETSH ), BHREIBLTT
AMEDR S Nz, DkEsR, s iz —E
DM AR b L = 7287, PBT ik [ 455 %
BED e tzb b Lz L,

64T L 72 PBT #:Clt 45 A bolus e
B L) MAEFWN O IMFGEEE < 7 — > HEHii ] fig
Th b, TR, BABREDDR M I ML 1F

HAER@E #5634 $11%5
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i PR ES A A TIZHE L e 2+ i (plug
flow) 7 —> %21, WH#EIC A% &NHMm
WFEH L, MM L T — 2 ¢
MBI 2 2 EAHIBE LAz, 2 4ui3 SAEH AR 5 IeE R 4
T, BEOEEIC L) MEPIESMIC BT 50
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