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of Nuclear Medicine, School of Medicine, Kanazawa University.




MEFHFHRC £ 2 B LHEEEDTERTH 241

OEENERAIC A TEER b DL, BICFHRTAR
7r LTHEFHFES L OBEOEZR 2 b D0 REy
TrILicHb.

NRE & UFE

1. FEEBMREZEC & 5 OHEREE O

1. BER

1) W& HREECA 88 (1KE 8~12Kg)

9) WEHEOEH EMY ¥ 3> 20 mg/Kg CHIRE
BL, Y PV ES—VF MY T A 0.5 mg/Kg §E8F
REALCHEEL 72, SE Y = 2 —VIBABRBYWEA
THEEE2AY, BEFRE{ToM. ReT, AREIE
[ EE LS 5 B & D Bk UL 2 Y0RE U A£RT
TR L OEEER 2 FR L.

3) UEEEGUHRHEAS A —Y 7 Rk 48 B
%, technetium - 99m pyrophosphate (L#&*mTc -
PYP LBET)5~6 mCi BHE L, £ 1 K% Anger
# 27 (Picker #:8 Dynacamera -IV 25,800 &= —1®
BB Y A—SHE) L VERTOBREE
4,000/cm? &\ 5 —~E &M T CIEME, ZRTHHE, 2RI
BEERL..

4) DEHFEEGEHOME | 3 BRERO S b, BAHE
BRI O W TBREEEE 77 = 4 — 5 THHEIL
FEEROEEE Lk,

5 ARNOOHFEEMBOAE | XEETE Lo,
BHOK DLW THREREREL D OEE 2 VB L ¥R
LRBEEL, EEBEETY, HRAEEER T
Lk, Bz, BEPLREEOEEYIF 2V PR
DEMEIHIT 1085 LE, LA, SER LS
#L, REATR L Tc - PYP MEHEM % Hig Lz,

2. BRI

D MRII5EIF1HLD, 19804128260 H
EOfiz, BWLHHEEE R Z0RCOBHOL &
THEFRTOTe - PYP 10 & 3 (BB B M S A
A=YV TRIEATUR 338555 84 Bk T 48 FEFIOD
3%, FIE6 BLIIZHET L 7z 47 R 2 5 & L7z,

) LEHREGMHEAS 2 —Y > S 9Te - PYP
10~15 mCi #iEtk, 1~1.5 BICIBG L 72, 8%k
FemsgrA—th 2,

3 ULBEEMEEOKEE ¢ 47 ESP, TEMFE (15
B, LPIBEFIREE (4 01), FEREZEH (34Y) ®FR< 25
Eflth, 79 = x—% TEHHIRTEEZ 23 FERIC 2 X By
RRCH CHEEERORTE 21T - /2.

L O ERR RIBHENEC & 5 BERE KT

L ERERHY

) f&:1976E6 B b, 1980 12H%T, B
RER, LDERFTR, BREOCAmLHRERLD

Wra iz IT0fER P, REHRFH9.4 Bz

(standard deviation DA% S. D. L #§9) +26.7) HE
W, OTLLEA A= > ZOR{TE 7z 106 FEH (33
B o B4RRIE) EXHE L, BREGIIBRAL .

2) FEEERBHELSA A —Y Y 9T, 2mCi
BRE 10 5% & D, Anger 7 2 2 (Dynacamera -IVX
I SHREEET Y A — & 5% U7 OHIO #:84 ON - 100)
T, ZANF -~ B0KeV, 2anF—r v Ry +
2096 42T, THIREE 2,000/cm*D&4T T, IEH, 2§
B 30 B, F45 %, EfE&K (IEE2 T3, &8
BARL) O 4 HREN—F V ITHE LT,

3 RE@MEOFH I OHEEEROBEL LT,
EERREBRCNT S, EET (Kiey UBEhEE
ETHMXIIBEELRER) BOkE -7, R, T
T, RIS 45 B, £ 3 FREX IO KD, #
OHEMPHELEE L, Fi 2 OB LT
ZOVHEREHL, ZRoOFHEE b > TREN
L ERRREEREE O A = L, RABERIEH L 2T 2 (-
1).

. BHSEORE

st 8810 mCi/ml A £ o Te @B b &9

(PYP, 7NV7' 8 g feidin vivo BEAIME) %
15~20 mCi EfF##R & » Oldendorf KikizE— & K—
FAEALT, WHBBIIET (BEBHSERER),
27 RERTRHE 30 BRI, BEEMNRCHT, 1

Fig.1. Shematic representation of thallium - 201
chloride (**T1) myocardial pérfusion scintigram
in left anterior oblique 45° view used for the
measurement of percent ' T1 defect index. The
extent of *'T1 perfusion defect is obtained with
the ratio of the length of the perfusion defect (B)
to that of the left ventricle (A+B+C). The
percent *'T1 defect index is finally determined
by the average ratio in three views (anterior, left
anterior oblique 45° and left lateral views).
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Fig. 2. Method of left ventricular ejection fraction (LVEF) calculation. (A) on the left is shown the
region - of - interest for the left ventricle on the computer - summated image of levophase during
the first transit of a radionuclide bolus. (B) shown is the background corrected time activity curve
obtained at 20 frames/sec with a computerized multicrystal gamma cammera. The peak count of
each cycle is proportional to end - diastolic volume (EDV) and the subsequent valley count to end
- systolic volume (ESV). LVEF is determined by the following equation. LVEF=(EDV—ESV)/

EDV
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Fig.3. Method of right ventricular ejection frac-
tion (RVEF) calculation. Shown here is the
background corrected time activity curve obtain-
ed at 20 frames/sec. Further details for calcula-
tion of RVEF is the same as that of LVEF.
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Fig.4. A set of technetium - 99m pyrophosphate (*™Tc - PYP) myocardial scintigraphies obtained
in an experimental dog with left anterior descending coronary artery ligation. Anterior (A), left
anterior oblique (B) and left lateral (C) views are illustrated. The pattern shown is the “doughnut
configuration” of the increased *™Tc- PYP uptake. Ribs and vertebrae are also well demon-
strated. On (B) shown is the largest size for measurement of hot PYP area with planimetry.
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Fig.5. Correlation (r=0.801) between pathological
myocardial infarct area (path. MI area) and
scintigraphic ' myocardial infarct size using the
largest area in three %"™T¢ - pyrophosphate
(PYP) scintigrams (hot PYP area) for 8 studies.
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Fig.6. Relationship between radioactivity of *m
Tc - pyrophosphate (PYP) and percent patho-
logical infarct in an experimental dog with left
anterior descending coronary artery ligation. *™
Tc - PYP radioactivity is normalized by that of
normal myocardium. 1, septal side of left ventri-
cular wall ; 10, free wall of left ventricular wall ;
solid circles, redioactivity in endocardium ; open
circles, radioactivity in epicardium ; open
squares, radioactivity in transmural wall;
shaded columns, pathological infarct ( % ) in
endocardium ; open colmns, pathological infarct
(% ) in epicardium.
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Fig.7 Interobserver correlation (r=0.895) between
percent thallium - 201 (**'T1) defect index de-
termined by 2 observers independently for 50
studies.
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Fig.8. Relationship between percent 2°'T1 defect
index and peak values of creatine phosphokinase
(CPK). Horizontal bars represent the means.
Neg., negative in ***T1 myocardial perfusion
scintigram ; open triangles, subendocardial myo-
cardial infarction; open circles, inferior wall
myocardial infarction; open squares, lateral
wall myocardial infarction ; solid squares, pos-
terior wall myocardial infarction.
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Fig. 9. Correlation (r=0.92) between left ventri
cular ejection fraction {LVEF) determined by
first - pass radionuclide angiography and com
trast ventriculography for 15 studies.
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Fig. 10a. Distribution of right ventricular ejection
fraction (RVEF) for patients with myocardial
infarction (MI) and for those with right ventri-
cular overload. The lower limits of normal is
429 (mean minus 2 times standard deviation).
Open circles represent the means and horizontal
pars + standard deviation. inf MI, inferior wall
myocardial infarction ; other MI, myocardial
infarction except inferior wall myocardial infarc-
tion; COPD, chronic obstructive pulmonary
disease ; MS, mitral stenosis.
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Fig. 10b. Distribution of left ventricular ejection
fraction (LVEF) for patients with myocardial
infarction and for those with right ventricular
overload. The lower limit of normal is 52 %
{mean minus 2 times standard deviation). Open
circles represent the means and horizontal
bars + standard deviation. Refer to Fig. 10a for
abbreviation,

TELERCHEERN COPDE, RUEEAMMN
(mitral stenosis DA% MS #:87) <it, &4,
33.1 (S.D. £7.8) % (n=8), 45.0 (S.D.+5.2) %
(n=19), 41.7 (S.D. £9.3) % (n=13), 36.0 (S.
D. £7.0) % (n=10) THh-7 (F10a), TEHER
B MSBEIZE A TEEEK: R L Hb, RVEF I3
BRZE» 57 (p<0.01), LVEF 3RETZENTH,
35.5 (5. D. £13.6) %, 39.6 (S. D. +14.2) %,
52.6 (S.D. £11.7) %, 54.2 (5. D. +6.3) % TH
D, BERFEEIC L ~FEI LVEF #E» o 72
(p<0.05, E10b), RVEF/LVEF i4, & H &%
1.07 (S.D. £0.49), 1.30 (S.D. £0.47), 0.82 (S.
D. £0.19), 0.68 (S. D. £0.08) :TEER 45
B, FEAWEFEERLEREECE» o2 (p<

0.01, B 11).
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Fig.11. Distribution of right ventricular ejection
fraction (RVEF)/left ventricular ejection fraction
(LVEF) for patients with myocardial infarction
and for those with right ventricular overload.
RVEF/LVEF means the ratio between end -
diastolic volume of left ventricle and that of right
ventricle in steady state. Open circles represent
the means and horizontal bars =+ standard
deviation. Refer to Fig. 10a for abbreviation.

Table 1. Relationship between hot ™ Tc-pyrophosphate (PYP) area and
the severity of Peel index

Number of patients based on the severity

Hot PYP areas

of Peel index

(cm?) 0—8 9 —12 13—16 1728 total
0—24 11 1 0 0 12
25—40 3 2 1 0 6
10— 0 1 2 0 3
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Fig.12. Relationship between hot **™Tc - pyro-
phosphate (PYP) area and the grade of initial
chest X -ray (X - p). Open circles represent the
means and horizontal bars + standard deviation.
0, normal in initial chest X - ray; 1, upper vein
dilatation with lower vessels constriction; 2,
interstitial edema with Kerley B lines; 3,
alveolar edema.
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Fig.13. Distribution of pulmonary artery end-
diastolic pressure (PAEDP) for patients with
hot **™Tc - pyrophosphate (PYP) area less than
25 cm?® and for those with hot PYP area above 25
cm?Open circles represent the means and
horizontal bars + standard deviation.
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Fig. 14. Distribution of hot *™Tc ~ pyrophosphate
(PYP).area for survivors (left) and non - survivors
(right) after discharge. Small open circles repre-
sent the means and horizontal bars * standard
deviation. triangles, the pattern of “doughnut
configuration” ; square, persistent hot pattern
on *"Tc - PYP scintigrams; », congestive heart
failure; * =, sudden death after initial attack of
myocardial infarction.
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(A) (B) (C)
Fig.15. A set of ®*™Tc - pyrophosphate (PYP) scintigraphies in a patient with acute myocardial

infarction. Anterior (A), left anterior oblique (B) and left lateral (C) views reveal a large area of
increased radioactivity with central defect in the anterior wall. Hot PYP area is 52 cm?.

Table 2. Relationship between percent thallium-201 (201T1). defect index
and the severity of Peel index

Number of patients based on the severity

Percent Tl of Peel index
defect index 0—8 9—12 13—16 17—28 total
06— 9 25 4 1 0 30
10—19 12 2 1 0 15
20—29 3 1 0 10
30—39 5 8 2 1 16
40—49 4 3 2 3 12

& D18 - FBIRIERAHE (pulmonary artery end -

% T8 Defect Gzr id; diastolic pressure Li#% PAEDP LB89) &, EE %L
0~ 9 n=3 5% B9 5 L 12mmHg IT#(n=17),26.9(S.D. £13.7)
10~19 . 12 16% cm?, 13~20 mmHg ##(n=1), 27.0cm? 21 mmHg

PALEE (n=4), 33.5 (S.D. £14.8) cm?*: %z o7,
now n=1s A% 2BemtaEL LT, B 13ITRLY,
0~ 39 n=13 41% 2) CEBEROIEES  BREBIETER 0=7) © PYP
0t ot 5o i 31.7 (S. D. +18.2) cm?, £EEH (n=8)
i£13.8 (S.D. £10.8) em*TH o7, 5% DB

Ty ERTO LR, F—F+VE 3§42 FIZET,
191 BB OFRELTHARE, Lol X, #E®R7H
Fig.16. Relationship between percent thallium - LEETOBSES 26 %242 L 28 BFTLE. 0cm?

201 (2MT1) defect index and the grade of initial @%t@”i %VE 1 E&@%%}ET@O?‘C ( 14, 15)‘
chest X - ray. 0, normal in initial chest X - ray; N -
l, upper vein dilatation with lower vessels 2. BEERKIRRELE

constriction ; 2, interstitial édema with Kerley B 1) RUMER  KIBERHSH X Peel 158 DB (£ 2)
lines; 3, alveolar edema. BT 7e. RAREMESOEIN L 212, Peel SSMONHEIAN

m=hyry [
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Fig. 17. Distribution of percent thallium - 201 (2%
T1) defect index for patients with different initial
chest X -ray (X - p) grades. Open circles repre-
sent the means and horizontal bars =+ standard
deviation. Solid circles, 1 point ; solid squares, 5
points. (The grade of initial chest X -ray is the
same as Fig. 12.)
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Fig. 18. Distribution of pulmonary artery end
diastolic pressure (PAEDP) for patients with
percent thallium - 201 (**'T1) defect index lesser
than 20 % and for those with more than 20 %.
Open circles represent the means and horizontal
bars * standard deviation.

Table 3. Incidence of frequent ventricular premature beats based on the extent
of percent thallium-201 (291T1) defect index

percent T1
defect index
0— 9
10 — 19
20 — 29
30 — 39
40 — 49

The incidence of frequent
ventricular premature beats

4/ 4 (9 %)
2/ 18 (11 %)
3/16 (19 %)
8 /17 (47 %)
7/ 14 (50 %)
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nmHg, 20% B4 EE (n=10)18.5(S. D. +8.3)mmHg
L1 D RABERIEHR 20% LA LBRIE, MM TR LhE &
# PAEDP ® L& % A7 (p<0.01).
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gk dtic, WOMMERERLL (R3), —F, %
g, BT 1 —ETEELEM LB S hERIT,
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B2 L 41%(9/22, BBEED) LA o7 (K 19),

Rl EEEHE (HUARTRML 30 ) T, BWmosit
L, 1/6 DEBRIZT & e d o e, 7D REIUEZ
wHEn 1P2X20a, b IRT, ¥ — ki X M
W74 A=V RV IE—FTHHAL D ELEI
GRAFBEE TR > THrOEBRRIIAEL

/4,

BHBE i, RIBHRIEM 43%, FfE 17 Bko
RIEH (%5, ¥ —A 1) RUKIBERIEH 7%, LVEF

% T4 Defect

0~19 0/39

20~29 3

30~39 //}j /13
0~49 // Al::{ {1/ 9

definite suspect negative
. 4, ==

Fig.19. Incidence of ventricular aneurysma
according to the percent thallium -201 (3“TI)
defect index.

(A)

Fig.20a. A set of thallium - 201 myocardial perfusion scintigraphies obtained in a patient with
large myocardial infaretion. Anterior (A), left anterior oblique 45° and left lateral (C) views show
a large defect in the anteroseptal wall. Percent #'T1 defect index is 44 %. “X” in the scintigraphies
represents xiphoid process.
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Table 4. Morbidity and mortality after discharge
based on the extent of thallium-201 (201T1)
defect index

Morbidity and mortality

Percent (number of patients)
Tl defect VPB CHF death total
0— 9 0 0 0 18
10—19 1 0 0 10
20—29 1 1 1 6
30—39 3 3 2 7
40—49 3 4 4 5

CHF': congestive heart failure
VPB: frequent ventricular premature beats

LB ~_EE I LVEF 2ME2 -7z (p<0.05).

2) BREBRODIER . ¥ 18 (S.D. +15.8) HHEIZ,
LVEFHIED & hi- 16 BlExtR L Lz, LVEF %,
319, 52%%IEWIC SEICHEL T2, 52% 1, FETE
Bl L EREED 2EEDETEETRTHY, 31%

(B)

(D)

Fig. 20b. Left ventricular images in anterior view of the same patient as in Fig.20a with first - pass
radionuclide angiography. (A) shown in a thallium - 201 myocardial perfusion image, (B) is an end
- systolic image, (C) is a paradoxical image (end - systole image minus end - diastole image), which
demonstrates well the paradoxical movement in apical wall, and (D) is a regional ejection image.
End - diastolic perimeter image is superimposed over each image.

100

Crude survival rate (%)
3
I

- %T4 defect
- o 0-—-29
a 30—39
B ® 40—49
Ll
2 4 6 8
Months

Fig. 21. Crude survival curves based on the extent
of percent thallium - 201 (***T1) defect index.
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Table 5. Charcteristics of non-survivors

Percent Grade of Length of Mechanism of
Case Age Sex Tl defect initial survival # death
) (%) chest X-p
1 82 M 43 1 1m Sudden
2 67 M 40 3 8m Sudden
3 62 F 46" 3" 2y 2m Sudden
4 65 F 41 1 3y 8m Sudden
5 33 F 40 3 ly Sudden
6 44 M 40 - ly 4m Sudden
7 63 M 34 2 5m Recurrent
8 80 M 33 2 2y Sudden
9 74 M 30* 3" ly 6m Sudden
10 63 M 24" 3" 4y 6m Sudden
11 74 M 28* 3* 4y 8m Sudden
12 75 M 24 3 2y Sudden
13 70 F 7 3 3m Recurrent
# : length of survival since initial attack
* . on or after recurrent myocardial infarction
—: admitted 48 hr after initial attack
Sudden : sudden death
Recurrent : recurrent myocardial infarction
60 -
e e @
L ® L B
® e n =32
@
~ ° r=—0.841
& w0l @ N I~ ° ¥ =—0.87x+65.1
fry ® ®
E ®
a0 L - H
@
®
20— -
| | |
0 10 20 30 40 50
0 1 2 3 Percent T¢ defect { %)

i Grade of Chest X-p

Fig.22. Distribution of left ventricular ejection
fraction (LVEF) for patients without pulmonary
congestion on chest X -ray (left) and with
pulmonary congestion on chest X -ray (right).
The grade of chest X - ray (0 - 3) is the same as
Fig. 12. Open circles represent the means and
horizontal bars + standard deviation.

Fig.23. Linear regression analysis for left ventri-

cular ejection fraction (LVEF) against percent
thallium - 201 (**'T1) defect index for 32 patients
(y=—0.87x+65.1, where y is the LVEF; r=—0.
84). Closed circles, anterior wall myocardial
infarction ; closed squares, inferior wall myo-
cardial infarction; open circles, other wall
myocardial infarction.
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Abstract

In order to determine the usefulness of nuclear cardiology methods in evaluating infarction
size and in predicting subsequent mortality, the infarction size index was calculated and their left
ventricular ejection fraction (LVEF) was measured for 136 patients with acute myocardial
infarction (MI), by means of 991“Tc—pyrophosphate (PYP) and thallium-201 (2°1Tl) scintigraphy.
Sensitivity of 9mT. pyp scintigraphy was 84% (37 out of 44 cases). The hot PYP areas were
measured by planimetry only in anterior transmural MIs. In animal experiments, hot PYP areas
were well correlated with pathological MI size (1=0.80). As hot PYP areas increased, the Peel
index and congestion in initial chest-X-ray generally increased. For !5 patients followed for 25
months on the average, hot PYP areas were 13.8£10.8 cm? in survivors and 31.7£18.2 cm® in
non-survivors. Both a doughnut pattern and persistent hot area in PYP scintigraphs were signs of
poor prognosis. Sensitivity of 2011y scintigraphy was 86% (82 out of 95 cases). The extent of
2017 perfusion defects was determined in three views by the average ratio of the length of
perfusion defects to that of the left ventricle (V). Interobserver correlation was high (r=0.89).
As the percent 20171 defect index increased, the peak value of creatine phosphokinase, the grade
of Peel index, incidence of congestion on initial chest X-ray, and LV aneurysma all gradually
increased. In 48 patients followed for 23 months on the average after discharge, the incidence of
congestive heart failure and mortality also increased with the larger degree of percent 2011y
defect index. In particular, the prognosis was poor in patients who had the percent 2017 defect
index larger than 40%. The LVEF, measured with a computerized multi-crystal gamma camera,
was well correlated with that of contrast ventriculography (r=0.92). The patients who had severe
LV dysfunction and the LVEF less than 31% also showed poor prognosis. The present results
thus suggest: jchat 99m T PYP scintigraphy, 2017y scintigraphy and LVEF determination may
provide noninvasive tools for predicting the prognosis of patients with acute MI.



