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Summary

To evaluate coronary circulation in ischemic heart disease, digital image processing with cine
coronary angiography was performed. Using time-density curves obtained from individual pixels,
images showing the distribution of contrast density and transit time were obtained. To record angio-~
grams, contrast medium was injected into the coronary artery in a steady manner during right atrial
pacing. Frames in the end-diastolic phase immediately before the P wave were selected, and digitized
into a 5125128 bit matrix using a system composed of a video camera, an analog-to-digital con-
verter, and a computer. These digitized images were then stored in a disk memory. A mask image was
prepared before the injection of contrast medium. Subtraction was performed using the mask image
and a series of images following contrast injection. The subtracted images were of sufficient quality
to permit clear observation of the individual coronary arterial branches. Time-density curves were
then determined from these subtracted images. From these curves, time from the onset of contrast in-
jection to its peak density (Tp), time from the peak density to the half peak density (T!/;) and the
attenuation factor of the curves (r) were derived. Their distributions were expressed as color images.
Examples of a normal control and a case of inferior infarction were demonstrated.
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Blood flow function images with good spatial resolution were thus obtained. This method is

useful for evaluating coronary blood flow.
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Fig. 1. Image processing system (top) and mode of subtraction (bottom).
Abbreviations: A/D and D/A =analog to digital and digital to analog conversion; CRT =cathode-
ray tube; R, G and B=red, green and blue; M=mask image; Fa~Fe=Ilive images.
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subtracted images

Fig. 2. Schematic illustration of a time-density
curve derived from subtraction images.
Abbreviations: x=density; t=time.
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Fig. 3. Functional parameters of blood flow
from time-density curves.

Abbreviations: Tp=time from the onset of con-
trast injection to its peak density; T'/,=time from
the peak density to the half peak density; r=attenua-
tion factor.
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Fig. 4. Subtraction images of nine consecutive beats.
These are obtained in the left anterior oblique projection.
Abbreviation: 1-9=number of consecutive beats from a case with the normal left coronary artery.
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Fig. 5. Images obtained from functional para-
meters in a normal case.

Functional images of Tp (top), T!/, (middle) and
z (bottom) in the left anterior oblique projection of
the left coronary artery are shown.

2 90% PereictpE s hi. ZofER o PTCR
Hii#% O MGEE S & /ER UIRGET L 7c.

1. EEERIpEE fo KR (Tp) otk % Fig.
8 1R, EHAIEABENLLOTOMED T —

A — L OFNHIFTHF L. PTCR g
%k, B O 7o A TR R EH O AL T
OEBIRAFEICFER &N, EEAIBIEEE N H
L Ths. PTCR #%cMfigesic & v k4
HRLAF 2368 T HOR S, KA ABE N 2
Shicz trgkahic.

2. TY, ofifg% Fig. 9 153+, 6.0H%E D

F—2f—rofrbicnm L. PTCR i
O T IIEBIREARICHFE1EE <, ERAH

PEVoIc~, PTCR #omig ¢ idBhlke
Riciar% <, BEAMHPRL 2olcZ L2
RENT.

3. © o4z Fig.10 1R, HifOBMED
FEEPRENLDED T —R T — L OFET,
ENKRENLOEREG THF L. ¢ ORI
T, ofitgFEEkic, PTCR fif%k Bk}
FENLREICED Y, EEARHOUEERL
ek

% #

PEke, SEBIIRE R 2 IR L A o I E R i
1%, Smith 51519 Spiller 517 videodensito-
metry EEFIH L ciHERH 5. LirLZ 0k
BRI & E R T & %23, A0 5k
LTWAWEBIRT, *oEfTer X HERHHmE
CEZRLTWSEAORER S, £+_T
OWER SFEBARANICE SR 2 <EA S h R T
BhEWEWIMEEERD -7, 2o, HEINR
W ic DSA offikd v, EEALERR
ICB UCERIE 24T O Z ik Y, EBIRAE:
X OERWIThY, FoE L LI A
TRl 23 I RRIC 72 = 7e.

Ak, XudhviEERlEAWSZ L THYE
TG R TE5 2L DSA oflEThS.
L LEdhRids ic DSA ofkE2ISH 3 5 %
&, DlgomBhict: > B &, BEIIRA~ OIERH
A X BRIROE A £ v D, IEMERERA O
HOENTEBREEDSZ LIFHELVWESH T £ .
C OMEE BT 5o, FPREIET TLER—

— 38—



DSA iz X % 5 i s

Fig. 6. Subtraction images in a case with severe narrowing in the middle portion of the

right coronary artery.
Abbreviation: 1-8 =number of consecutive beats.
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Fig. 7. Time density curves in a case with severe narrowing in the middle portion of

the right coronary artery.
The curves before and after noise reduction at the two points (¥, **) are shown.
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Fig. 8. Functional images (Tp) of the right coronary artery in the right anterior oblique
projection (30°) before (left) and after (right) percutaneous transluminal coronary recanaliza-

tion (PTCR).

Flow to the distal portion of the right coronary artery is restored after PTCR.

Fig. 9. Functional images (T!/,) of the right coronary artery in the right anterior oblique
projection (30°) before (left) and after (right) PTCR.
The improved washout rate of contrast medium is shown after PTCR.

Fig. 10. Functional image (z) of the right coronary artery in the right anterior oblique
projection (30°) before (left) and after (right) PTCR.
The improved washout rate of contrast medium is shown after PTCR.
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