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Cinedensitometry of blood flow in lower extremity

Tetsuo Sugahara*, Toshio Yamaguchi*, Kouhei Hayashida*, Toshiisa Uehara*,
Jun Arisawa*, Hiroaki Naito*, Mitsushige Ohta*, Hirofumi Maeda*,
Takahiro Kozuka*, Ikuo Adachi**, Nobuyuki Nakajima**
and Hiroaki Akagi***

Department of Radiology* and Cardiovascular Surgery**, National Cardiovascular Center,
Osaka, Japan, Department of Radiology, Osaka Medical School®**

Research Code No.: 508.4
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In this paper, a cinedensitometric method used for evaluation of the hemodynamics in. stenotic
lesions of the arteries was described. With this method the blood flow of a external iliac artery was
measured, After cineangiography of the external iliac artery, the cine film was projected on a frosted
screen and the density of the artery was measured at the two different levels and the transit time between
these two levels was calculated. The distance between the two levels and their diameters of the artery
were measured with the aid of X-ray density scale. The densitometry of blood flow was caluclated as
divided volume by appearance transit time,

Out of 34 legs of the patients with various arterial diseases were examined by cineangiography.
In 7 of 34 legs, electromagnetic measurement was made at the same time as angiography. The
correlation coefficient between the blood flow measured with both methods was 0.89 (p<0.05). In
the control group, the blood flow obtained with densitometry was 632492 ml/min. With den-
sitoinetry, the mean values of the blood flow in the iliac artery in patients with arteriosclerotic obstruction
and arteriosclerosis with intermittent claudication was 163102 mlfmin, There seems to be a good

correlation between the blood flow obtained with densitometry and possible gait distance until
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claudication occurs. There were four types of the densogram. Type A, B, and C showed good

pulsatile wave, rectangular wave, and poorly pulsatile wave, respectively. Type D shows a flat curve.
The rates of the four types were 743-}-349 ml/min,, 14149 ml/min., 4634208 ml/min. and 8635 ml/

min., respectively, The difference of the densogram in these four groups seems to be significant, In

conclusion, measurement of the blood flow with this method was considered to be possible in the lower

extremities, particularly in the extremities with slow blood flow,
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Table 1 Clinical data and the results of cinedensitometric measurement of the blood How.

' Densitometric

Velocity

Case | Age sex Diagnosis Side flow (ml/min)  (cmjsec) Fattern
_ 3;___i __ 52_ M| ﬁ_?:_gfm_pm , E co;fﬁgml_ 1?25’_33“; _g
I T T 1 S N A o
R R = R - w5 |
19 _")é_| Mo f-?g 200m IE | I?rﬁg 53:3 ’.?

e | v B%m |t w e o
ENCEEEE 3 .- B: 12
o m [ @ | M | {30sm | L | 8 | 82 | b

I R T = T - B
0 | S| M R b dwo FE LD
oW [ w | e [ ] & | up | E
N N T O S S A~
T e | e R
N I I
o e [ | Pt m | B3¢
o e [ w | e R G o
NN R AT N O T T
RN . A S
e e [ P e e
(m M| sTewem | k[ @ 37 b
‘ 23 62 M gﬁ%:c. 200m B - : = A

| e | o | AS. R — =T =
5 ® | M| BIC1O0m | L | 24 14.4 C
R R T i A B2 | G
IR B ol T A Y
13 57 | M Angina pectoris | E 1 - Et:ﬁ I____:lg%g - .Ié

(1.C. Int.ermittent Claudi;ration. IS_ Arlerioscle‘;i_s._”R: Righ-l.: L: Left. B: Botil)

YERT 4L AON - APWEN L 2 — X — D KE
FEwo /e X 5l L densitometry T -1z,
HEEDREM:

XERAEE ORE, ENLIEREH v v 2 - D
XM E R T 2 % 4 B o TR TE S

4.

e L v &

Projector

7 g A REEAE L.

N O o
5. MmijEso/EE

DEEMIC DT, 2B >E—rF 7
A A FE Ty, 7o photosensor @ REJEIZ D

Cinedensitometry {2 J ) 5% & J1 fz densogram
i XM AR (Fig. 4) 13,

Ju]

s



426—(18)

i,

Fig. 1 Photosensors used in this study.

Fig. 2 A system of cinedensitometry. A recorder
and a projecter for densitometry of cine-film.
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Fig. 3 a. A cine-angiogram. b. The schema of
sampling postion. Black circles are the photo-
SENSOrs,
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;’ ! Density
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Fig. 4 Schematic representation of calculation.
a. Schema of volume (4V) of a vessel between
two photosensors. b. Densogram of two sampling
position, mean transit time (4m) and appearance
time (4t). c. The formula for the calculation of
flow (F).
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Fig. 5 Classification of four types of the denso-
gram.
Type A; densogram with a good pulse wave.
Type B; densogram with a rectangular wave.
Type C; densogram with a poor pulse wave.
Type D; densogram with a flat wave.
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Fog. 6. Schematic presentation of reverse flow.
a. The curve of catheter tip electromagnetic flow
(velocity probe). Black area represents flow.
b. Classification of reverse flow on the denso-
gram,
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Fig.7 A comparison with sampling balance of
radiologic equipment in four machines by cine-
densitometry.
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Fig. 8 Investigation of noise from

the projector.

a. Tagamo. b. Vanguard of poor condition. c. Van-

guard of good condition. d. Noise
of light of the projector.
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Fig. 10 Relationship between the absolute flow
and densitometric flow (DMF) by the phantom.
a. The diameter is 3.5mm and DMTF is calculat-
ed appearance time. b. The diameter is Gmm
and DMF is calculated by appearance time.
c. The diameter is 6mm and DMF is calculat-
ed by mean transit time,

°; proximal point is 20cm from injection point.
*; distal point is 50cm from injection point.
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Fig. 11 Correlation between the densitometric
flow and the electromagnetic flow.
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Fig. 12 A comparison of the densitometric flow by
classification of the disorders.
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Fig. 13 Correlation between the densitometric
flow and the possible gait distance until occur-
rence of intermittent claudication in arterios-
clerosis ohliterans and arteriosclerosis.
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Fig. 14 A comparison of densitometric flow by
classification of the densitometric pattern.
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Table 2 The distribution of the densitometric
pattem in five groups.

A B (¢ D
A5.0. 1 1 5 2 9
T.A.O. 3 0 1 1 5
A.S. 3 0 1 2 6
aneuryrm 5 1 6 0 12
control 3 0 3 0 6
15 2 16 5 38

Table 3 The distribution of reverse flow of
type A in the densitometric pattern.

_ + #o |
AS.0. 0 0 1|
T.A.O. 3 0 0
AS. 3 0 0
aneurysm 0 2 3
control 0 1 2

2l ¢ M AEIIE, TREBIIRC AR N & A

Rz L. Fig. 15 XREFA DAL TEED densogram
THY, THE PR, B ERA e s,

CA S E 2 5 A.ne-wry';mr

i S e !

|

Fig. 15 Case 25, 74-year-old man. Angiographic
diagnosis is abdominal aneurysm. The figure
shows the densogram of the external iliac artery.
The densitometric flow is 906ml/min and the
pattern is type A (4.
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Fig. 16 Caes 28, 62-year-old man.
of the left common iliac artery.
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[j> densogram v — 73X M BTl DX ©
#7%. DMF }3 6lml/min, EMF 3 40ml/min ¢
»Hoic.

FEFI9, 59HHE. EIAE TFHIZ200m D

BREEBEAT. SRR L o SR RIS
5% O s B bhvtc., 4 T © densogram

(Fig. 17a) (& s & O MRS Fuoic
Ahhbo kb AR (++) TH%. DMF 1

Angiogram shows occlusion
a. The densitometric flow is

530ml/min in the right lower leg and densitometric pattern is
type C. b. The densogram in the left lower leg with densito-
metric pattern of type D. The flow is 6lml/min in the left

common femoral artery.

CASE 19

(corllrnl) A. S 0.

Fig. 17 Case 19, 59-year-old man.

Angiogram shows incomplete ob-
struction (75%) in the left iliac artery. a. The densogram in the
right external iliac artery with densitometric pattem of type A (4}).
Densitometric flow is 1015ml/min. b Densitometric flow is 132ml/min
in the left lower leg and the pattern is type B.
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i CASE 19
. Lleg post.op .
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Fig. 18 The densogram of the case 19 after an-
gioplasty using Griintzig catheter method in the
left external iliac artery Densitometric pattern is
type A (=), but densitometric flow is 96ml/min,

Fig. 19 The ‘“Layering-out” phenomenon was ob-
served during the injection of contrast medium
into the right coronary artery. The figure shows
late arterial-phase.
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SIeh, FlorOREERENEAR L DEL 5
CEETERS E b ic dTelitate. ZOZEX
h, BOPIT o0 I ih Y BFET S
LEZ bR, ZofsE, EWEOSE, transit
time CI%E AMFlE, mean transit time #{fi ]
+% X b1 appearance time H{ff] L 72 5 X
WiEBRIC o e, h 7 HERMTERT (EMF) b
DR BT (Fig 10), ERBEFAKTIES
2%, HIBIRH0.89THH ASO o X 5l
R OBE ECEHM L& 2. Ttzchak'®
1%, DMF piflied Bfefl & b K& feflicin otz &
HE LT\ 575, transit time %\ 5 HEE 0
PEA Y O T DIE T To D & T OfEfk
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MEEC M Iehled b HEL bbb,

FESEFICONT, SBEE 136204-92ml/min,
ASO PEIT 342+290ml/min ¢ B b, = © fEI%
Ttzchak & O#MEME, 1EHE BiE13.604.1+104ml/
min, ASO EFE B D377+52ml/min OfE & i131E
FEETH- 7.

ASO 3 XU AS & Bz hic B D 5 B TH
KBRS T % BF 2 7 A OBRITIERE: DMF oD
BAfR¥L:20.84CTH Y, %7z DMF ¢ EMF Lo
HBHRE0.89 L % % Pre s L DMF 1k IEE MM B
ERFERCEVEEE B2 LEL RS,

Densogram [} #58#4(% bolus & LT HEALT
WBDTEREDOEFEI—ETH LT THS.
B3O ML » 7ol catul Fig. 6a o
& L HBNR T B b IRFRINELR I R T T R
bhs, ThobbEEAORNZEE THET R
IR &N THE s hA 3T TthD. oD
B 43 densogram [ & FEEIY & LT(Ebh
Fig. 6b o & { MBPETA IR 2 E % DT
CHZE IS, KBRFFASA S Cuaiis ke
BH5. FIPEEND Y MAEREOWLD BT
TR Lo b HER L Tn T
TH5. Fig. 18b OfER © X 5w BB R
L ins, b LIMES5E4EA%E Linis gl
MATES X b fEs X hTuwvauE, Fig. 17b o fEf
DX BB S Rbhic{ftn. EEH ©
448 (Fig. 15) i s\C DMF Offiz AR, C
®, BE, DHOIKC/NELtoT BN LI
TR 75 & T B 720 Cls LiC 'y oo B ZEMERZE
DRBER S XELELOTHBELEHELT B,
W OB (Table 3) wwowTiy, XER
& KBIIRERE B\ C AR Reh D,
ASO ¥, TAO I, AS BRks\Tikiz kA &3
WD B RS CH S MEREDRERE, T
e ORI G Cle  MEFBEDTLOBE I LT
K o MATRE OBEXEY RLTWDb0L
Ex2T\wh, O EER19 s\ T Grintzig
D H 5 —F L T{Tic-»7- angioplasty #d DMI
7% 96ml/min L IEFC A s < MAEERLAT R & HIE
Lich DThoTohd, densogram by i3 aBhi T
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TR B L Cls b BIBRASERIC X 2 — 97,
MR Lo TRl HEZ bR 5.

Z D X 51T cinedensitometry 1= & % FE Mk
EOJWER, B TFRMmTE OB H &7\ o
BRAEDRE R FHIIT 5 721 ©ig <, densogram o
BT a3 % & e X b RIS O RRZE ORE
3 LOCMEBEOWLORE & TIRIBTE 5 L& %
T\ 5.

V. &bbIC

bhbhd ] Lic cinedensitometry o J5ik
%, RMeITET B 5 NREMDH B densito-
metry 2347702 % FiECh%b. Densogram X b
O TR O F A, (EFEERCLh 2
DMF L EMF [t o fHESR%40.89L B\ fili T &

D, TIFEBEETE © DMF & TR L ©
FABSFREN0.84TH b F 1o JRHE & ORNiCIZBI &
DI ERENR bRy, DMF pyUE RS
TEWEREERS 5 LE 2 bhi.,

Densogram DI I D SRAB s X O° ¥ %
B L= BBl ©H S5 OB IR E
31 B IREITET OREIC e D L E 2 T,

AWLEE R, HOEAFRFBHARELBE © s
WTHRELE, ik, AWREO —HilLs AERE
AT RBEFERE NI X ok,
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