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Imaging of Cardiovascular Disease
—Its Dynamic Analysis—

Takahiro Kozuka
Department of Radiology, National Cardiovascular Center
(Present adress: Department of Radiology, Osaka University Medical School)

Research Code No. : 507

Key Words : Cardiac imaging, Ischemic heart disease,
Myocardial perfusion, Tissue characterization

In evaluation of patients with heart disease, varicus modalities, such as chest X-ray, angiocar-
diography, echocardiography, nuclear medicine, X-ray CT, magnetic resonance imaging, have been
applied. In patients with ischemic heart disease, these modalities were used not only for detection of the
disease but for qualitative and quantitative diagnosis.

The aim of the study is to investigate the efficacy of these imaging modalities in ischemic heart
disease.

Left ventriculography and coronary angiography are necessary for evaluation of left ventricular and
coronary anatomy. Digital subtraction angiography (DSA) and radionuclide angiography showed
comparative diagnostic quality for evaluation of the left ventricular wall motion. Echocardiography was
proved to be useful in real time detection of wall motion abnormality and follow-up study after
myocardial infarction. ECG-gated X-ray CT and magnetic resonance imaging (MRI) demonstrated wall
motion abnormality and wall thickness change of the left ventricle. Functional myocardial perfusion
images were given by DSA and dynamic X-ray CT as well as myocardial scintigraphy.

As the most reliable diagnostic procedures in ischemic heart disease, tissue characterization was
attempted in this study using MRI. In canine experiment, the study showed possibility for detection of
acute myocardial infarction, especially with injection of Gd-DTPA.
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Fig. 1 Evaluation of left ventricular wall motion
by DSA. Per cent shortening is demonstrated in
each segment of left ventricle (bottom). Akinesis
of anterolateral wall (Seg. 1 and 2) is demon-
strated by per cent shortening as well as super-
imposition of diastolic and systolic views.

Table 1 Evaluation of left ventricular wall
motion in ischemic heart disease. Comparison
between DSA and left ventriculography.

LVG: left ventriculography
NOR: normal contraction
RED : hypokinesis

DYS : dyskinesis

- LVG
DSA . NOR RED NON DYS
NOR 83 13 96
RED 2 32 5 39
NON 6 25 1 32
DYS 2 7 9

85 51 32 8 176

Sensitivity : 87.9%
Specificity : 97.6%

2ha (Fig. .
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Fig. 2 Evaluation of left ventricular wall motion
using phase and amplitude analysis in DSA.
Normal contraction mode fs shown in phase
analysis (left upper), phase histogram and am-
plitude analysis (right upper).
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E®ETHRBMBAAEIG%ECH Y, 2 histo-
gram AV, B FIRic 435 (Fig. 2).
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Fig. 3 Phase and amplitude analysis using DSA in
patient with broad anterior myocardial infarc-
tion. Abnormal contraction is demonstrated in
phase and amplitude analysis (upper). Phase
histogram shows broad distribution of phase of
contraction.

END-DIAST, END--SYST,

Fig. 4 Short axis view of two-dimensional echo-
cardiogram in normal and anterior myocardial
infarction.
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Fig. 5 Detectability of myocardial infarction size
by echocardiography and myocardial scintigra-
phy.
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Fig. 6 Frequency of postinfarction angina.
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Fig. 7 Correlation of CPK peak value with wall
motion evaluated by echocardiography.
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RIBEHN AR e U, FRERHA, IUMEHAE i L <
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, 1|' r
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" ' » I
Fig. 8 Mpyocardial infarction associated with left ventricular aneurysm. Aneur-

ysm and wall thinning are demonstrated at apical region of left ventricle. Mural
thrombus is noted as low density area (arrow).

AHERSE 4468 $25



Mg AL 311

LONG AXIS

SHORT AXIS

Fig. 9 Schematic representation of CT plane in
cardiac structure,

LV : left ventricle RV : right ventricle
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15 A & @ Ao A HhR 3 R C A i o
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b2FHCHRD E L CHBYBL LR TER
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ED X5 RERRSHELES X h 3EEOZEIH

BEFN614E 2 A25H
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Table 2 Detectability of left ventricular wall
motion abnormality with CT in comparison
with left ventriculography

sensitivity specificity accuracy -
St 9% 89% 91%
o 92 70 83
Ant- Lat. 86 ) 87
Jlg:ete wall 80 9 %
g?:;' wall 62 9 95
Inferopost. 7 85 80
ror 86% 91% 89%
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BB R T B % fo b i B3 e TURE & 134 BE G s
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REEREZERBKEH AL TH 5,
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Fig. 10 A case of right ventricular infarction, demonstrated by ECG-gated CT.
No contraction is noted in right ventricular free wall (arrow heads).
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Fig. 11 0ld myocardial infarction, demonstrated by CT. 'Ihmnm:g and akinesis
are noted at apical region of left ventricle (arrow heads).

Table 3 Detection of myocardial infarction.
Comparison of wall thickness change in CT
with wall motion abnormality in left ventriculo-

graphy.

sensitivity specificity accuracy
gﬁg%hnu 67% 91% B4%
éenptfum 57 98 78
et 67 o7 81
Free wall % 98 96
Eﬁwm 92 95 94
Inferopost. 93 68 w8
sAegments 70% 91% 86%

DESEHBET B - LR D = LK BEE
B ERHROIREEDOFIATH S, Bic X §
CT, MRI ZE&DOZEHESFREL & { LEEDIE
b, BEEOLEMCE U EBYIEET 501
BLTW5, ZORERMMOESSEETIIED
hinRRREREZRET 230 L0 25, MRI
REBEOME .85 LATETHED, X
CT LH, AL 5@ 1<, X CT
TRELTHIRTEOEERORICENTHS

FEFN614F 2 A25H
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Table 4 Comparison of severely impaired left
ventricular contractility in CT with severe wall
motion abnormality in left ventriculography

LVG None~ Hypokinesis
CT .\ Dyskinesis ~Normal
Severe 55 18 73 segments
Mild~ \
Negative 18 ~
73 segments

sensitivity 75%
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BHEXRCT #EHT % L iflic X B o RS
BIHZEB) D & O IR e 2 T REIC 7e B b 0 &
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DSA, X8 CT Th OLMERYERIL L, HiER
2 T EERRBAEOWRD—H A TT.

D T1—2011 X 5.0 8585 o SHf

U BE AL T X R KB R R o
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LB A FTRACIET R R S Mt 384548 4 BeRY
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DEBRE CIRESHEBRE M AIE R TR
THEALTWBOY =2 —RTRFEAE hig\WE

FHFEETAHL, LYYy F7/ 574 TH—HL
kbﬂwﬁETs EMHR LT, BEEICL -
TEBENRIHZEEZTTHOTHS,

2) DSA T X %053 5T O 3

EEH R EBIRINCEA L T b KBIIRER I
HEALTY DSA oBEBARTLHBEYELZ L
T E BN = CRABRESCEYA Y E
AL, ZhbbOEOKEEEG Y ER, IR
D P A AT,

FEIVE 3T aorto-coronary bypass Fii % 6
7L, MBEOMMmELELLIELDTHS.

KEMRERCHEA LicBEHN TR, EHE

Pae
= N
TR T =g,
== 2z
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integ. T-D curve ©C coronary vasc. bed
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mlegﬂ) — (
MIT flow ( myocardial perfusion)

Fig. 12 Schematic demonstration of coronary
vascular structure with and without obstruction,
time density curves and parameters obtained
from DSA.

B ETEBR, A5 LihsB88YE L, £
A ORERIRER G L RET 2 &LV <O iR
IIEEIRERO MR L b 3 LT, TO#MEd
X h@EenThh, RBEESLEL, Ll
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Hhi8 o 5 B I EE 12 Cmax, Fif& % Cinteg, P58
BEERS A MTT & Lic, chbhbERESZ A -
# — %3k, functional image #{EB L 7= (Fig.
13).
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Fig. 13 Parameters from myocardial perfusion
image, using DSA after aortic root injection.
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BOREBEEREYHrEs L TED, FHE
DML TR MRIZ RIS LA h & i
LviefiiwRT ot L, #EELSTIIs
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XRTHOEEZLRD, WThit LT HEED
SOMBH—HETI\Z EDERETHAH,

3 X # CT @ X 3. A5 D SEe~0

BIREA TS KBIREB~OEFEAILL 5 T
3 dynamic CT #4775 & L0 ERE LB S
Z &A% S (Fig. 15), Zh%FIHLTDSA &

FEFI614E 2 A25H
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Fig. 14 Functional image of myocardial per-
fusion, using DSA, after aortic root injection.
Reduction of blood flow due to infarction can be
seen in left anterolateral region (arrows).

Rk @ functional image i < = & 237]
BETH5H, AW%E TI1DSA & R aorto-cor-
onary bypass it DIEH TRKEIRIEAZ T2 -
T 187 functional image X R+ 5,

dynamic CT T bh oL % THE & LT
a5 2—-2%RDDSA LRAHFEDOFEHR T
image Z i,

EEERTEE, MBS SHEBRC I CREEIIFE
TH5LHEEMNEZERTS (Fig. 16), area T
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ormBRBErBHRCERIRS, LaL,
MTT OEEZHE LR TZ IR R
.

X#CT TRERMEER LS\ CELEY
DIE /KRB & # O enhancement BAEL 5 & &
DBERE IR TW5A, Zo pattern IMFEEREE D
Rz & - TREZRICT S, ChEeIedTah
&, DHEEREEREPCIEAREYCLHE
BCLEERERRBLYRT Y, BEERHY
D L FHIRAE, #1 enhancement 2334, X
DIFEIER O B A BT 5 & OHISEELL,
BEARBEIIE LT b, ##iD enhance-
ment XN HLEDONBETRESESREE D
BEX2Ik5,

LinL, BRATE EROBHERIC X 5HE
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Fig. 15 Blood perfusion image using CT. Bolus injection gives myocardial
staining in No. 2 and 3. Enhancement of right heart is demonstrated in No. &

and 6.

Fig. 16 Functional myocardial perfusion image of CT by similar principle with
DSA. Reduced vascular bed in apical, lateral and posterior wall (left), transit
time (middle), reduced blood flow in infarcted area (right).
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Fig. 17 Myocardial perfusion image of CT in case of old myocardial infarction
after bolus injection of contrast medium into aortic root. Perfusion defect can
be seen at apex after injection (middle). Late enhancement is demonstrated
later (right).
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Fig. 18 Tissue characterization using B-mode and
two-dimensional echocardiography. Increased
echo-density is shown in ventricular septum (ar-
row).

vivo imaging ORI EME & 3R D, B HEEY
RERCTFERLENZM L 2, 51K Gd-
DTPA iz X % enhancement D RREM: & &5 L 7=
DTEDOEEDO—HERT,

FERRAEE L L CRROETEIRET T 178 % fE %
L, BEELER L. £F108EM#I in vivo T
spinecho @& JBLIc L = A, fiBEOFECES
SREE DR Y K LT, 2ndecho Ta v F 5 & b
DBHEL, T2OERCESBRLEZ LR,
EROWE L —HT BT — 2 Th -1 (Fig. 20,

¥tz GA-DTPA %0.5mg/kg BiEL, HERD
RHWC BT 5 HRE LR L0, EfITFITH
ERBROBMBE CIRELRETE RV, Gd
DTPA ##ET % L ODABEYPLE LT iE%%%'E
CESHEOHEEY A DB, HEHEERD
DTz (Fig. 21),

FERT TR SRR 3 IR SR e RBR L 7o 2k,
Gd-DTPA #HEAT 2 LLAKR TOEERIZ—
L TERRESEE0HMmEE, (Fig. 22), T1
DIEFECEBREBNT D LHTE B,

ZOBER AT 5781 in vivo T T1, T2
ERERTHE LRI ZALIHEERE DR
HLishotz, 2 Tin vivo EREE bicOE
i L, spin echo &, T1, T2 0\ E 41T -
7z. 1st echo, 2nd echo 3 ic(ES5RE H 0 L,

— —
| T
- ! "':'

.
.9" If %

Fig. 19 Intensive and extensive calcification in myocardial infarcted area is
revealed by plain and enhanced CT.
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1st Echo

2nd Echo

Fig. 20 Magnetic resonance imaging of myocardial infarction in canine experi-
ment. Multiple-spin echo sequence with TR value of 500msec and TE value of
30 and 60 msec show excellent contrast in infarcted area 10 hours after ligation
of left anterior descending artery. Higher signal/noise ratio is obtained in

second echo than in first echo.

plain image (left).
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Fig. 21 Magnetic resonance imaging of myocardial 111fawrct10n, 6 hours after
ligation of left anterior descending artery in canine experiment. After injection
of Gd-DTPA (right), high contrast/noise ratio is achieved in comparison with
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Fig. 22 Magnetic resonance imaging of myocardial infarction. Three hours after
ligation of left anterior descending artery, no definitive infarction image can be

obtained. Gd-DTPA injection after reperfusion gives high contrast image in
infarcted area.

Bz L EBbhs, D=2-K, X#CT Tk
R, EHEMTTOTREERZ L LIRS,
LaL, —EOENERTSHS MRI TizzD
RSB O LHIF I h T &, A%
TR E O BEM: % B 7z % spin echo #7213 T/t
{, GdADTPA #H TEHXRI5-LdD
ThH5H BHERTHS AHEOHEETH
HI ik, TLEERRD DD, invivo BE DT
BEMARLI D EELS,

-
=k,

Bbhiz

RmtE O BICE SRR D, FEBLEEDE
BEBRHL, BEORBEYTkotc, FULLE
eFIBL, BEES), BEE -\ o7 HERemz,
OFFENE OBEm Sk, TE/IcowT#EE L,
BEROZHICERTAL - L ETRB L, HE
Y EEEGT A o &R EAN 2k
THY, MRIZHWEZOFHEM LR L, BED
BTEREMOES, BB TRWE, ik
BEEROFAMLED bh, LEROZKEED
M Ec&FHETH LR h 5,

BRAREOBEYE 2 TTF & oo F44E A AEF H bt
BESERBEFEEE, A20%% L - CHVWCARE
— BB BB LB,

FPRZEERSBR v £ — ok CLEES S
BbrlicoFfREBLEB I st dhicboT

(24)

DEBOE{RZIT

HH, TLEORAREL, BREOBELYETS,

[mBTRE] EIERER v 2 —HHESRT &
H OB KHRE=, BREE, KEXE, AEEE, k@
2%, EREE, RHER, \mmEC OBRE A X
K. BFRET EEAR, HERE

X "

1) Sos, T.A. and Baltaxe, H.A.: Cranial and
caudal angulation of coronary angiography
revised. Circulation, 56 : 119-—123, 1977

2) Abrams, H.L.: Coronary arteriography :
Pathologic and prognostic implications. A.J.R.,
139:1--18, 1982

3 MELEN . EBREFYE. EXEE, m, 1982

4) PMERERL, WE OB KEXE, HEBR: Fo

ga-EEEC L EBREY, FELE 4

277—282, 1985

Tobis, J., Nalcioglu, O., Iseri, L., Johnston, W.

D., Roeck, W., Castleman, E., Bauer, B.,

Montelli, S. and Henry, W.L.: Detection and

quantitation of coronary artery stenoses from

digital subtraction angiograms compared with

35-millimeter film cine angiograms. Am. J.

Cardiol., 54 : 489—496, 1984

Ideker, R., Behar, V.S., Wagner, G.S., Starr, J.

W., Starmer, C.IV,, Lee, K.L. and Hackel, D.B.:

Evaluation of synergy. As an indicator of myo-

cardial fibrosis. Circulation, 57: 715 — 725,

6)

1978

7) AHA Committee Report. Circulation, 57: 7
—40, 1975

8) Herman, M.V, Heinle, R.A., Klein, M.D. and

Gorlin, R.: Localized disorders in myocardial

HABERSE $46E 25



contraction : Asynergy and its role in conges-
tive heart failure. New Engl. J. Med., 277 : 222
—232, 1967

9) Sigel, H., Nechwatal, W., Kress, P. and Stauch,
M.: Intraobserver and intermethod variation
in evaluation of regional wall motion of the left
ventricle. Cardiovasc. Intervent. Radiol., 6: 14
—19, 1983

10) Felix, R. and Eichstddt, H.: Assessment of
left ventricular wall motion in digital subtrac-
tion angiography. A comparative study. Con-
trast Medium in Digital Radiography. ed. R.
Felix, W. Frommbhold, J. Lissner, T.F. Meaney,
H.P. Niendorf, E. Zeitler. Excerpta Medica,
Amsterdam, 1983, p. 241—260

11) Kozuka, T. and Ohta, M.: Evaluation of left
ventricular function using digital subtraction
angiography. Jpn. J. Circul,, 49 : 710—718, 1985

12) Adams, W.E., Tarkowska, A. Bitter, F.,

Stauch, M. and Geffers, H.: Equillibrium

(gated) radionuclide ventriculography. Car-

diovasc. Radiol,, 2: 161—173, 1979

Heger, J.J., Weyman, A.E., Wann, L.S., Dillon,

J.C. and Feigenbaum, H.: Cross-sectional

echocardiography in acute myocardial infarc-

tion : Detection and localization of regional left

ventricular asynergy. Circulation, 60 : 531—538,

1979

Horowitz, R.S., Morganroth, J., Parrotto, C.,

Chen, C.C,, Soffer, J. and Pauletto, F.].:

Immediate diagnosis of acute myocardial infar-

ction by two-dimensional echocardiography.

Circulation, 65: 323—324, 1982

15) Berninger, W.H., Redington, R.W., Doherty, P.,
Lipton, M.]. and Carlsson, E.: Gated cardiac
scanning : Canine studies. J. Comput. Assis.
Tomogr., 3: 155—163, 1979

16) Lipton, M.J. and Higgins, C.B.: Evaluation of
ischemic heart disease by computerized trans-
mission tomography. Radiol. Clin. N. Amer.,
18 : 557—576, 1980

17) WEEIE, AR B, ANR=, NMgELL, R
#k, NEFBE, BEH B, XHIES, Redington,
R.W.: Computed tomography % i\ i L&
BB OTEABZE. ]. Cardiogr., 12: 425—440,
1982

18) Powel, W.J. Jr., Wittenberg, J., Miller, S.W.,
Maturi, R.A. and Dinsmore, R.E.: Assessment
of drug intervention of the ischemic myocar-
dium: Serial imaging and measurement with
computerized tomography. Am. J. Cardiol., 44 :
46—52, 1979

13

e

14

Ly

WEFN614E 2 A25H

R I8

(25)

321

19) PIBENRE, AHTE, KHENEE, AR, WE
ik, /NFHEERL © Computed tomography 12 k& 5
m#GEBOLELEENGEE DM, J. Car
diogr., 14 : 15—28, 1984

20) Feiglin, D.H., George, C.R., MacIntyre, W.]J., O’
Donnel, J.K., Go, R.T., Pavlicek, W. and Me-
aney, T.F.: Gated cardiac magnetic reso-
nance structure image : Optimization by elect-
ronic axial rotation. Radiology, 154 : 129—132,

1985

21) MEEERE, BEREE, BF W, NEEL Lk
I o) T SBE R I R S G, MR RIE R, 17 748
—754, 1985

22) Higgins, C.B., Byrd, B.F. II, McNamara, M.T.,
Lanzer, P., Lipton, M.]., Botvinick, E., Schiller,
N.B,, Crooks, L.E. and Kaufman, L.: Ma-
gnetic resonance imaging of the heart: Re-
view of the experience in 172 subjects. Radio-
logy, 155: 671—679, 1985

23) Lanzer, P., Barta, C., Botvinick, E.H., Wiesen-
danger, H.U.D., Modin, G. and Higgins, C.B.:
ECG-synchronized cardiac MR imaging : Me-
thod and evaluation. Radiology, 155: 681 —
686, 1985

24) Lanzer, P., Botvinick, E.H., Schiller, N.B., Cro-
oks, L.E., Arakawa, M., Kaufman, L., Davis,
P.L., Herkens, K., Lipton, M.]. and Higgins, C.B.:
Cardiac imaging using gated magnetic reso-
nance. Radiology, 150 : 121127, 1984

25) Schad, N.: Nontraumatic assessment of left
ventricular wall motion and regional stroke
volume after myocardial infarction. J. Nucl.
Med., 18: 333—341, 1977

26) Borer, ].S., Kent, K.M., Bacharach, S.L., Green,
M.V., Rosing, D.R., Seides, S.F., Epstein, S.E.
and Johnston, G.5.: Sensitivity, specificity
and predictive accuracy of radicnuclide cinean-
giography during exercise in patients with
coronary artery disease. Comparison with
exercise electrocardiography. Circulation, 60:
572—580, 1979

27) Steckley, R.A., Kronnenberg, M.W., Born, M.
L., Rhea, T.C, Bateman, J.E., Rollo, F.D. and
Friesinger, G.C.: Radionuclide ventriculogra-
phy: Evaluation of automated and visual
methods for regional wall motion analysis.
Radiology, 142 : 179—185, 1982

28) WERMEE, MEES, MNEEIL ORI 7T v v A7
7 7 4 1k BOLEEEESIC s 5 RFTEER o
PR, BEBEEE, 17D 927—938, 1979

29) Skisldebrand, C.G., Ovenfors, C.-0., Mavroudis,
C. and Lipton, M.].: Assessment of



322 DEBOBEE LT

ventricular wall thickness in vivo by computed
transmission tomography. Circulation, 61 : 960
—965, 1980
30) PIEESER, 1L e, RS, KEXE, mEH
i, /NFEEEL © Computed tomography 12 Xk %
B LEEOLELEENIROFME J. Car
diogr., 12 : 371385, 1982
31) Farmer, D., Lipton, M.]., Higgins, C.B., Ringer-
tz, H., Dean, P.B., Sievers, R. and Boyd, D.P.:
In vivo assessment of left ventricular wall and
chamber dynamics during transient myocardial
ischemia using cine computed tomography.
Am. J. Cardiol., 55: 560—565, 1985
32) Budinger, T.F. and Gullberg, G.T.: Transver-
se section reconstruction of gamma-ray emit-
ting radionuclides in patients. In reconstruction
tomography in diagnostic radiology and
nuclear medicine. Ter-Pogossian, M.M., Phelps,
M.E., Brownell, G.L., eds., Baltimore, Univer-
sity Park Press, 1977, p. 315—342
Maublant, J., Joude, M., Veyre, A. and Meyniel,
G.: Transverse CAT of the myocardium with
201T1. Eur. J. Nucl. Med., 4 : 4567—459, 1979
34) Holman, B.L., Hill, T.C., Wynne, J., Lovett, R.
D., Zimmerman, R.E. and Smith, EM.: Sing-
le-photon transaxial emission computed tomo-
graphy of the heart in normal subjects and in
patients with infarction. J. Nucl. Med., 20 : 736
—740, 1979
35) GRS, FEREE, PhEZEE, NEEEL | Single
photon emission = ¥ £’ a — # — W@ #(SPECT)
ZHH LI LRSI X A EZ L R
¥ s, J. Cardiogr., 14 : 645—653, 1984
36) Radke, W., Bursch, J.H., Brennecke, R., Hahne,
H.J. and Heintzen, P.H.: Assessment of left
ventricular muscle volume by digital angiocar-
diography. Invest. Radiol., 18 : 149—154, 1983
3D KEXE, KRH&E=Z, MFEEIL, F)IHEE K6
M, A5, Kt FoasaAy T I
YavTYEA ST 7 4 % Bt LEEE o TR,
EX¥o0 5@ &k, 127 1314—1320, 1983
38) Carlsson, E., Lipton, M.]., Berninger, W.H.,
Doherty, P., Redington, RW.:
coronary myocardiography by computed tomo-
graphy in living dogs. Invest. Radiol., 12 : 559
—562, 1977
Harell, G.S., Guthaner, D.F., Breiman, R.S.,
Morehouse, C.C., Seppi, E.J., Marshall, W.H.
and Wexler, L.: Stop-action cardiac comput-
ed tomography. Radiology, 123 : 515—517, 1977
40) Higgins, C.B., Siemers, P.T., Schmidt, W. and
Newell, J.D.: Evaluation of myocardial is-

33

oy

39

R

Selective left

(26)

41

42

43

44

45

46

47

48

49,

)

)

)

)

)

Ry

Ry

—r

chemic damage of various ages by computer-
ized transmission tomography, time-dependent
effects of contrast material. Circulation, 60:
284-—291, 1979

Doherty, P.W., Lipton, M.J., Berninger, W.H.,
Skisldebrand, C.G., Carlsson, E. and Redington,
R.W.: The detection and quantitation of
myocardial infarction in vivo using transmis-
sion computed tomography. Circulation, 63:
597--606, 1981

ETE, SHAE, FREX % = £H
B WA m BRF L B REA
i, Piteek, DEHEFEEXK  OBFECAbRS
HBFWELOBFENBEC X 220 LB
11:3—11, 1979

Cohen, R.D., Mottley, J.G., Miller, J.G., Kur-
nick, P.B. and Sobel, B.E.: Detection of is-
chernic myocardium in vivo through the chest
wall by quantitative ultrasonic tissue char-
acterization. Am. J. Cardiol., 50 : 838—843, 1982
Rasmussen, S., Lovelace, D.E., Knoebel, S.B.,
Ranslbury, R. and Corya, B.C.: Echocardio-
graphic detection of ischemia and infarcted
myocardium. J. Am. Coll. Cardiol., 3 : 733--743,
1984

Schinittger, I, Vieli, A., Heiserman, J.H., Direc-
tor, B.A., Billingham, M.E,, Ellis, S.G., Kernoff,
R.S.,, Takamoto, T. and Popp, FE.L.:
Ultrasonic tissue characterization: Detection
of acute myocardial ischemia in dogs. Circula-
tion, 72: 193—199, 1985

Williams, E.S., Kaplan, J.I., Thatcher, F., Zim-
merman, G. and Knoebel, S.B.: Prolongation
of proton spin lattice relaxation times in
regionally ischemic tissue from dog hearts. J.
Nucl. Med., 21 : 449-—453, 1980

Higgins, C.B., Lanzer, P., Stark, D., Botvinik,
E.H., Schiller, N.B., Crooks, L., Kaufman, L.
and Lipton, M.J.: Imaging by nuclear
magnetic resonance in patients with chronic
ischemic heart disease. Circulation, 69: 523
—531, 1984

Nishikawa, J., Machida, K., Iio, M., Yoshimoto,
N., Sugimoto, T., Kawaguchi, H., Mano, H.,
Yoshida, Y. and Fujita, A.: ECG-gated NME-
CT for cardiovascular disease. Rad. Med., 1:
274—280, 1983

Brown, J.J., Strich, G., Higgins, C.B., Gerber, K.
H. and Slutsky, R.A.: Nuclear magnetic
resonance analysis of acute myocardial infarc-
tion in dogs. : The defects of transient coronary
ischemia of varying duration and reperfusion

AAEREE H46E $£2FH



on spin lattice relaxation times. Am. Heart J.,
109 : 486—490, 1985

50) McNamara, M.T., Higgins, C.B., Ehman, R.L.,
Revel, D., Sievers, R. and Brasch, R.C.: NMR
contrast enhancement of acute myocardial is-
chemia using the paramagnetic pharmaceutical
complex gadolinium-DTPA. Radiology, 153:
157—163, 1984

N L

323

51) Wesbey, G., Higgins, C.B., Lipton, M.]., Brasch,
R.C.,, McNamara, N.T., Engelstad, B.L., Wein-
mann, H.J., Ehman, R.L., Lovin, J. and Sievers,
R.: Functional evaluation of the myocardium
in NMR imaging employing the paramagnetic
pharmaceutical Gd-DTPA. Radiology, 153 : 165
—169, 1984

WEFN614E 2 A25H

(27)



