
I I 1In-antimyosin scintigraphy for imaging acute myocar

dial necrosis (11). How long this type of scintigraphy can
detect myocardial necrosis and what the clinical implica
tions of persistent antimyosin uptake are remains unclear
(12). To clarify these issues, we performed 34 â€œIn-anti
myosin scintigraphic studies at various times after MI (3
days to 6 yr) and investigated the clinical factors which
may affect â€˜â€˜â€˜In-antimyosinuptake in the chronic stages
ofinfarction. A follow-upâ€•â€˜In-antimyosinstudy was done
in eight patients to compare the changes over time in the
same patients.

MATERIALS AND METHODS

Patient Population
Thirty-four â€˜â€˜â€˜In-antimyosinstudies were performed in 24

patientswith single-vessel-relatedMI and in 2 patientswith two
vessel-related MI (23 males and 3 females, aged 47 to 83 yr, mean
age 64.4 yr). The patients had 36 infarcts of varying ages that
were divided into three groups according to the time from onset
ofchest pain to the injection â€˜â€˜In-antimyosinantibody (onset
- injection time). Group I included patients whose onset - injec

tion time was less than 1 mo, Group II patients had times ranging
from 1 mo to 1 yr. and Group III patients had times from 1 yr
to 6 yr (Table 1). A follow-up study was done in eight patients at
3 moto 1yr afterthefirstscan(mean:9.6Â±2.2mo).AcuteMI
was diagnosed on the basis of precordial chest pain typical of
myocardial ischemia lasting for at least 30 mm, ST-segment
elevation of at least 0. 1 mY with subsequent evolution of an
infarct pattern on the ECG and significant elevation ofthe serum

creatine phosphokinase(CK) level.Selectivecoronary angiogra
phy was performed in all patients and the infarct-related findings
are listed in Table 1. Revascularization by percutaneous translu
minal coronary angioplasty (PTCA) was performed on the day
of admission in 17/36 acute MIs. Left ventriculography (LVG)
was performed at discharge in all but three patients. Exercise 20â€•fl
scintigraphywasperformedusingSPECTin 29/36 infarctsduring
the first admission, as reported previously (13). A fixed defect
was defined as the perfusion defect in the initial image persisting
in the delayed image and redistribution was defined as the hy

poperfused area in the first image showing a decrease in the
delayed image. Further ischemicevents concerningthe infarct

To investigate the clinicalimplicationsof 111ln-antimyosinan
tibody scintigraphy in the chronic stage of myocardial infarc
tion,34 studieswere performedin26 patientswith36 infarcts
of various infarct ages. The infarcts were divided into three
groupsaccordingto time fromonsetof chestpainto scintig
raphy.Positiveantimyosinimageswere obtainedin 93% of
Group I patients(3 days to 1 mo), 71% of Group II patients
(1.5 mo to 1 yr) and none were obtalned from Group Ill
patients (1.5â€”6yr). A negative correlationwas observed
between antimyosin uptake and the time after myocardial
infarction. In Group II, patients with coronary artery patency
and patientsshowingredistributionon exercise @Â°1Tlscintig
raphy were more likelyto have positiveantimyosinimages
compared to patients without these features. Recurrent an
gina may also relate to chronicantimyosinuptake. Indium
111-antimyosin antibody scintigraphy may be a useful method
in assessing the course of myocardial infarction and for the
patientfollow-up.

JNucIMed 1992;33:1501-1508

yocardial scintigraphy using an@@ â€˜In-labeledanti
myosin monoclonal antibody developed by Khaw et al.
(1â€”2)has been reported to be useful for the noninvasive
detection of myocardial necrosis (3â€”6).This method was
initially used to evaluate myocardial damage in patients
with acute myocardial infarction (MI), but it has subse
quently been found also to detect damage in the subacute
and chronic stages ofMI (7â€”10)when myocardial necrosis
should be replaced by fibrous tissue. This feature may be
useful in the diagnosis of suspected MI up to several
months after the onset, when early electrocardiographic
(ECG) changes and serum cardiac enzyme elevation have
resolved (7), although it may also reduce the specificity of
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Intervalfromtheonset
to imagingPositiveNegativeAntimyosinscoreHLRGroup

I (3daysâ€”imo)13 (93%)1 (7%)2.5 Â±0.72.17 Â±0.52Group
II(1moâ€”iyr)10 (71%)4 (29%)1 .6 Â±0.6*1 .60Â±0.24@Group
III (1 yrâ€”6yr)0 (0%)8 (100%)0.4 Â±O.5@1 .31Â±O.OT@I

p < 0.001 vs. GroupI.*

p < 0.01 vs. GroupI.tp

<0.05 vs. Group 1.

related vessel are also listed in Table 1 and are divided into the
events occurringbeforeand after â€˜â€˜â€˜In-antimyosinscintigraphy.
All patients gave written informed consent to the study, which

was approved by the hospital human investigationethics corn
rnittee.

Radiopharmaceuticals
To test for hypersensitivity, all patients received an intradermal

skin test with 0.05 rng/O.1 ml of diethylenetriarnine pentaacetic
acid (DTPA)-antimyosinmonoclonalantibody(Fab fraction).If
there was no weal or flare reaction, 0.5 rng/2 ml of antirnyosin
antibody labeledwith 74 MBq(2 mCi) of â€˜â€˜â€˜In(DaiichiRadioi
sotope Laboratories, Ltd, Tokyo, Japan) was slowly injected
intravenously over 30â€”60sec.

Protocol
Forty-eight hours after intravenous injection of the â€˜â€œIn-anti

myosin antibody, planar images were obtained in the anterior,
450 left anterior oblique and left lateral views. Images were

obtained for 7 mm in each view using a medium-energy, general
purpose collimator to collect 300-500 kilocounts from both

photopeaks of â€˜â€˜â€˜In(174 and 247 keY). SPECT was performed
subsequently after planar imaging. A series of 64 projection
images were collected ever 360Â°at 5.6Â°increments for 30 sec each
using a 64 x 64 matrix and then were stored for image analysis.
A seriesof transaxialslicesat 6-mm intervalswerereconstructed
by a filtered backprojectionmethod. A series of vertical long
axis, horizontal long-axisand short-axissectionswere also ob
tamed.

ImageAnalysis
The planar and SPECT antirnyosin imageswere interpreted

directlyfrom the computer videodisplayby two observerswho
had no knowledge of the clinical data. Any differences were
resolved by consensus, and these results were used as the final
interpretation.

AnlimyosinScore.The intensityof myocardialantirnyosin
uptake wasgraded from zero to 3+; for planar images:zero, no
definite uptake in the heart; 1+, diffuse faint uptake by the
myocardiurn; 2+, discrete myocardial uptake that was less than
the hepatic uptake; and 3+, discrete myocardial uptake with an
intensity similar to or greater than the hepatic uptake. Uptake
grades 2+ and 3+ were consideredto be positive,while grades
zero and 1+ wereconsideredto be negative.

Heart-to-Lung Ratio (HLR). Myocardial antirnyosin uptake
wasquantitativelyevaluatedin 24 infarcts.The HLR wascalcu
lated from the computer displaysystemby dividingthe average
counts per pixel in the myocardium by the average counts of the

left lung in the left anterior oblique image according to the
method of van Vlies (4).

Statistical Analysis
AlldataareexpressedasthemeanÂ±onestandarddeviation.

Analysisof variancewas used to assessthe differencesbetween
groups and between the first and second studies (14). Chi-squared
analysis or Fisher's exact test was used to determine the differ
ences between proportions, A p value of <0.05 was considered
significant.

RESULTS

There were no significant differences among the three
groups regarding ECG localization of MI, the infarct
related vessels,the ejection fraction at discharge,the per
formance of PTCA or the extent of collateral flow, and
the presence of Q- or non-Q-wave infarction (Table 1).

Indium-l 11-antimyosin uptake was positive in 13/14
studies (93%) in Group I, 10/14 studies (71%) in Group
II, and 0/8 studies (0%) in Group III (Table 2). The
antimyosin uptake evaluated visually using the antimyosin
score correlated well with that evaluated quantitatively
using the HLR. The mean antimyosin score and the mean
HLR for each group are shown in Table 2. Two patients
demonstrated intense antimyosin uptake in the anterior
wall up to 2â€”3mo after MI (Patient 11-3; HLR 1.93,
Patient 11-4; HLR 1.98). Patients studied after 4 mo dem
onstrated lower antimyosin scores than those studies be
fore this time. Two patients with acute MI and a prior
infarct showed positive images only at the site ofthe recent
MI. A negative correlationwas observedbetween the HLR
and the time after MI (r = â€”0.67,p < 0.01) (Fig. 1).

A clinical evaluation was done for Group 2 patients to
identify factors related to scintigraphic positivity in the
chronic stage of MI. All seven patients with patent coro
nary arteries (residual stenosis <75% or good collateral
flow) showed positive antimyosin uptake in comparison
with three of seven without patency (p < 0.05). Further
more, all seven patients in whom exercise 20,'fl scintigra
phy demonstrated redistribution at the first admission
showed positive antimyosin uptake when compared with
two of five patients in whom a persistent defect was
demonstrated (p < 0.01). Patients who showed positive
images 10 mo or 1 yr after onset had a history of recurrent

TABLE 2
Resultsof 1111n-AntimyosinAntibodyScintigraphy
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FIGURE2. PlotsofHLRvaluesforsixpatientswhounderwent
follow-up 111In-antimyosinscintigraphy. The mean HLR de
creasedin the secondstudy when comparedwith that in the first
study.

the infarct (15, 18). This study showed that the intensity of
antimyosin uptake decreased with time. The HLR value
indicating the border between a positive and a negative
scintigram is around 1.50, as shown by evaluating the
regression line in Figure 1, a result that is compatible with
the reports of other authors (6,19). Surprisingly, intense
I@ â€˜In-antimyosin uptake was demonstrated 2â€”3 mo after

Ant

FIGURE1. The HLRof patientsat varioustimesafterthe
onsetof acuteMl. The HLRgraduallydecreasedwithtime(Y =
2.08-0.045X,p < 0.05).Opencircles= patientswithan unevent
ful course and dosed circles = patients with anginaafter acute
myocardialinfarction.

angina but no evidence of ECG changes or CK elevation
(Fig. 1).

A follow-up study was performed in eight patients in
whom acute and chronic images were obtained for six
(mean follow-up period; 11 Â±1.0 mo). For these six
patients, the mean HLR decreased significantly from 2.21
Â±0.70 to 1.50 Â±0.47 (p < 0.01) (Fig. 2). Of the four
patients with a positive image in the second study, three
had a history of recurrent chest pain suggesting restenosis
(Patients11-9,II-! 1and 11-14).The ejectionfractiondeter
mined by LVG at the time of discharge after the first
admission was significantly lower in patients who were
positive in the second imaging study than in those who
were negative (39% Â±7% versus 55% Â±10%, p < 0.01).
The localized antimyosin uptake noted in the acute stage
disappeared in the second study in one patient (Fig. 3),
but persisted in another patient (Fig. 4). The clinical course
wasuneventfulin the former,whilethe latter had suffered
from recurrent angina. The extent of antimyosin uptake
demonstrated on the SPECT images of the patient shown
in Figure 4 was similar in both the first and second studies
(Fig. 5). One patient who showed focal but definite myo
cardial uptake at 9 mo after MI (Patient 11-4)demonstrated
the loss of radioactivity at the center of the lesion in the
follow-up study performed 9 mo later (Patient 111-2)(Fig.
6).

DISCUSSION

The aging process of infarcts has been histologically
investigated (15â€”18).Myocardial cell necrosis is gradually
replaced by fibrous tissue after acute and chronic inflam
matory responses have occurred. Much of the necrotic
muscle is removed between the second and fourth weeks
after MI, although the rate of healing is reported to vary
widely and necrosis may persist for several months after

. -
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FIGURE3. Planar111In-antimyosinscintigraphicimagesob
tamedat 3 daysafterthe onsetof MI (upperimages)and 1 yr
later(lowerimages).Definiteinferiormyocardialuptakeis seen
rightabovethe liverinthe firststudy(arrows,HLR,2.34), while
nouptakecanbe seeninthesecond(HLR,1.23).
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FIGURE 4. Planar @ln-antimyosin
scintigraphicimagesobtainedat 10days
after myocardialinfarction(upper im
ages)and 10 mo later (lowerimages).
Definitemyocardialuptake is seen in the
anterior wall in the first study (HLR,
1.86),andpersistentbut decreasedup
take is seen in the second (HLR, I .49).
Ant = anterior vlew; LAO 45 = left an
tenor oblique45Â°view and Lat = lateral
vlew.
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MI in some of our patients. These patients did not suffer
from recurrent angina or CK elevation and lacked coro
nary artery patency. These results suggest that â€œIn-anti
myosinscintigraphymay be usefulto distinguishearlyand
alter infarctsonly when the intervalbetweenthem is more
than 2-3 mo. The mechanism of antimyosin uptake is
believedto be related to loss of cell membrane integrity
allowingaccessto the myosin heavychain inside necrotic

FIGURE5. SIngle-photonemisaloncomputedtomogramsin
the short-axis vlewfrom a pafient wfth anterior Ml (Fig. 4) obtaIned
duringthefirst (upperImages)andsecond(lowerimages)â€˜â€œIn
antimyosinscintigraphicstudies.Theextentof antimyosinuptake
Is similar In the two Images.

myocytes (20,21). However, another mechanism is re
quired to explain the persistent positive antimyosin uptake
that wenoted, suchas chronic inflammatoryresponsethat
occurs after acute MI. In large infarcts, inflammatory cells
initially cannot access the infarct center, and dead myo
cytes can persist for a number ofweeks until new capillaries
grow into the region (18). In humans, infarcts are not
completely transmural (22) and the histological changes
after MI have become more complicated since the intro
duction of reperfusion therapy (23,24). Thus, areas of

a
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FIGURE6. SIngle-photonemissioncomputedtomogramsin
the short-axis v@wfrom a pafient with anterior MI ObtaInedduring
the first (Patient11-8,upperimages)and second(Patient111-2,
lower images) â€œâ€˜In-antimyosinscintigraphic studies. Note the
lossof radioactivityat thecenterof the lesionthathadbeen
positivein the initialstudy (arrows).



variable cellular injury consisting ofnecrotic and surviving
myocardium may be present. We have previously reported
that injected antimyosin antibody could be detected im
munohistochemically even 3 mo after coronary artery
ligation in rabbits with experimental MI (25). Positive
antimyosin staining was observed in the surviving myo
cytes around the scar tissue and not in the scar itself. The
mechanism ofthe chronic antimyosin uptake noted in the
current study may be relatedto such myocytes, to ongoing
necrosis due to the inflammatory response or to both of
these factors. Thus, further studies on this subject are
required.

The clinical implications ofchronic positive antimyosin
uptake are one of the current issues in relation to@@ â€˜In
antimyosin scintigraphy (12). In our follow-up study, pa
tients with recurrentchest pain or poor cardiac function
were more likely to demonstrate chronic positive anti
myosin uptake than patients with an uneventful course.
Such patients tend to have poor prognoses (26). Therefore,
it may be possible that chronic antimyosin uptake reflects
residual ischemia, although definite evidence of myocar
dial necrosis-like CK elevation or ECG changes was not
observed in the interval between the first and second â€œIn
antimyosin studies. Van Vlies et al. have reported on the
predictive value of â€˜â€˜â€˜In-antimyosinscintigraphy in MI
(4). They stated that intense early antimyosin uptake was
related to extensive regional asynergy at the time of dis
charge from the coronary care unit. Our observations may
suggest that â€˜â€˜â€˜In-antimyosinscintigraphy has prognostic
value in the chronic stage of MI and that follow-up anti
myosin studies may be of value to evaluate chronic anti
myosin uptake. When persistent antimyosin uptake is
shown several months to 1 yr after MI, residual ischemia
may be present and furtherclinical studies including cor
onary angiography may be required. A persistent positive
image after acute MI has also been reported in @mTc@
pyrophosphate scintigraphy as a marker of a poor prog
nosis (27,28). In addition, follow-up studies with â€œIn
antimyosin scintigraphy have been reported to have a
prognostic value in patients with myocarditis and heart
transplantation. Dec et al. (29) reported that such studies
were useful for distinguishing acute myocarditis from di
lated cardiomyopathy. Ballester-Rodes et al. (30) reported
that pea' â€˜â€˜In-antimyosinimaging was useful in defin
ing the outcome and in determining management nonin
vasively after heart transplantation, because rejection-re
lated complications could be suspected if antimyosin up
take persisted or increased.

Following the salvage of myocardial viability, residual
myocardial ischemia and further ischemic events are not
uncommon. Johnson et al. found that dual â€œIn-anti
myosin and 20'Tl SPECT were useful for separating pa
tients with an additional ischemic region at risk from those
likely to have a benign in-hospital course (31). They
reported that the former group were likely to show overlap
on â€˜â€˜â€˜In-antimyosinand 20â€•flstudies. A mixture of sal

vaged myocytes and necrotic myocytes may be present in
the positive regions in such patients. We found that Group
2 patients with redistribution on exercise 20'fl scintigraphy
and coronary artery patency were more likely to have
chronic positive antimyosin uptake when compared to
those with a persistentdefect or without coronary patency.
These findings may also suggest that residual myocardial
viability and persistent ischemia may lead to chronic an
timyosin uptake.

CONCLUSION

Positive â€˜â€˜â€˜In-antimyosinimages could be obtained until
1 yr after the onset of MI, although antimyosin uptake
graduallydecreased with time. A negative correlation was
observed between antimyosin uptake and the time after
MI. In patients with chronic MI (1 mo to 1 yr afteronset),
coronary artery patency and residual myocardial viability
detected by exercise 201'flscintigraphy at the first admission
were related to positive antimyosin images. Recurrent
angina may also relate to chronic antimyosin uptake from
several months to 1 yr after MI. Follow-up â€œIn-anti
myosin scintigraphy may be useful in evaluating the course
of MI, and persistent uptake may indicate a worse prog
nosis.
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