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MYOCARDIAL INFARCT IMAGING USING 99m
TECHNETIUM PYROPHOSPHATE AND 99mTECHNETIUM
METHYLENE DIPHOSPHONATE:

A CLINICAL EVALUATION

M. PARAMSOTHY  K.T. SINGHAM

INTRODUCTION

THE use of radionuclides in elucidating ischae-
mic heart disease is a recent development. Since
Bonte et al. (1974) first described the concentra-
tion of*™Technetium labelled phosphates in
acutely damaged myocardium numerous radio-
pharmaceuticals, techniques, experience and data
have accumulated in the non-invasive imaging
methods for the direct visualisation: of acute
myocardial infarction. The radioisotopes may be
used dynamically to provide information about
the size of cardiac chambers, the ventricular
ejection fraction, ventricular wall motion or
regional perfusion of the myocardium. The
radioisotope is injected rapidly as a bolus into a
peripheral vein and its passage through the heart
is recorded with a scintillation gamma camera
interfaced with a data processor or computer
system. Alternatively isotopes may be used for
static imaging after equilibration and intracellu-
lar radioactive uptake occurs, displaying areas of
normal, ischaemic or infarcted myocardium.
Both techniques avoids cardiac catheterisation
and are non-invasive, cheap, sensitive, safe,

reproducible and repeatable. If a mobile gamma.

camera is available it can be done at the bedside
and becomes extremely useful in the intensive
care where the physician has to continuously
monitor for changing cardiac physiology in .ill
cardiac patients. These techniques provide for the
early diagnosis, sizing of the infarcted area,
incrimination of the coronary arteries affected,
follow-up studies, and monitoring effect of
therapy.
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Early diagnosis of myocardial infarc¢tion may
be a problem. Various clinical conditions may
obscure or mimic the clinical picture. Clinical,
electrocardiographic and serum enzyme -studies
are sometimes insufficient to allow a definite
appraisal; the characteristic pattern of chest pain
may be absent (Papp, 1952) and atypical chest
pain, so often present, only underlines the
practical difficulties of differentiating the pain
arising from acute myocardial infarction from
other non-cardiac conditions. Situations known to
give rise to uninterpretable electrocardiographic
traces include the presence of previous myocar-
dial damage caused by infarction or cardiac
surgery, abberent conduction, paced rhythms, or
pre-excitation syndromes. In addition, serum

" enzyme measurement may be unreliable and false

positive readings occur frequently (Savranoglu ez
al., 1959; Sobel and Shell, 1972). Borderline
results may maintain rather than eliminate the
diagnostic problem. Doubts of myocardial infarc-
tion may also occur with ST segment changes or
T-wave inversion without serum enzyme elevation
or serum enzyme elevation without Q-waves
especially after cardiac surgery when the serum
enzyme concentrations are raised because of
tissue trauma. The value of another specific and
diagnostic technique which is safe, reproducible,
repeatable and non-invasive is thus evident.

The two main approaches to acute myocardial
infarct imaging consist of (1) the utilisation of
potassium analogues, mainly 29! Thallium (Tl) as
thallous chloride and (2) the utilisation of?°MTe-
labelled radio-pharmaceuticals, mainly as”™Tc-
pyrophosphate.

201 Thallium and the other potassium analogues
are taken up by the normal myocardium, so that
an infarct’ of any duration or a region of
hypoperfusion is present as an area of absent or
reduced radioactivity (“‘cold spot”) whereas 9™
Te-labelled phosphates are taken up by damagel
tissue so that an acute infarct is shown as a
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positive image (“‘hot spot”). The main advantage
of 201y imaging is that accurate diagnosis can
be made within 6 hours of acute episode
(Wackers et al: 1976). Exercise 201 Thallium myo-
cardial scintigraphy is very sensitive and provides
prognostically significantly information about
specific céronary lesions providing the ability to
distinguish regions of myocardial ischaemia from
fixed necrosis which is invaluable to surgeons
planning myocardial revascularisation by corona-
ry artery by-pass graft (CABG) surgery. However,
it is extremely expensive and serial imaging of the
patient is undesirable because of cost, dosimetry
and long biological -half-life characteristics.
About one' third of subendocardial lesions are not
visualized . (Pitt and Straus, 1976) and the
negative (“‘cold area”) rather than positive image
(“hot area’) of the infarct may provide some
difficulties for interpretation.

Withgngc-labelled pyrophosphate  imaging
accurate diagnosis can be made 24 hours after
the acute episode with a false negative rate of less
than 4 per cent (Parkey et al; 1977).

Serial imaging of the same patient is possible,
the radio-pharmaceutical being relatively cheap,
and the dosimetry and biological half-life charac-
teristics allow for daily images. Subendocardial
infarcts can be diagnosed though small lesions
may be missed and the positive (‘“hot area”)
rather than negative (“‘cold area”) images makes
interpretation less difficult: An old infarct can be
differentiated from a recent one since only the
latter will concentrate these radiopharmaceuti-
cals. However, activity in the bony structures
(®™Tc-labelled phosphates are bone imaging
agents) may cause difficulties in interpretation
and false positive images occur in about 10-15
per cent of patients.

A number of”™Tc-labelled radiopharmaceuti-
cals are now available for acute infarct scanning
e.g. 99mTc-tetracyc]ine, mTe. glucoheptonate,
9mTe-dimercapto succinic-acid, 9mTc-pyrophos-
phate (2™Tc-PYP),%mTc-methylene diphospho-
nate (99mTc-MDP),99mTc-ethyl-hydroxy-diphus-
phonate and?™Tc-imidodiphosphonate. 99mTec-
pyrophosphate is the most commonly used agent
but the new preparati0n99mTc-imidodiphospho-
nate has now been used experimentally and
clinically claimed to be superior and as the agent
of choice (Ell et al; 1978; Joseph et al: 1978).

In addition to the traditional means of

diagnosis of acute myocardial infarction (clinical,
electrocardiography and serum enzyme changes)
the value of another specific and diagnostic
technique in the early diagnosis of this condition
is evident. This paper describes experience
with??™Tc-stannous pyrophosphate (™ Tc-PYP)
and99mTc-methylene diphosphonate (99"‘Tc-
MDP) myocardial imaging and its purpose is to
clarify to what extent this investigation fulfils the
above mentioned criteria.

MATERIALS AND METHODS

Patients admitted to the coronary care unit

“with suspected or proven myocatdial infarction

were imaged using an Ohio Nuclear Gamma
Scintillation Camera Sigma 400 with a 10 inch
diameter crystal detector and Differential Uni-
form. Field Correction (DUFC). A low energy
(140 Kev) high resolution 16,000 hole parallel
hole collimator was used. The ‘patients were
brought to the Nuclear Medicine Unit for
imaging when they were clinically stable. Each
scintiscan was performed 1 hour after intravenous
injection of 15 mCi of either®™Tc-PYP or ™ Tec-
MDP and routine anterior, left anterior oblique,
and left lateral views were taken. Additional right
anterior oblique view in some patients were
obtained. For each image 400,000 counts were
collected and took about 3 to 4 minutes. The
imaging time for 3 views was approximately 15
minutes. Pictorial documentation was made on
polaroid films. The images were rated 0 to 4
using the method of Parkey et al. (1974) and this
depended on the activity produced by myocardial
uptake of the radionuclides. O represents no
activity; +1 questionable activity where cardiac
activity cannot be distinguished from general
tissue and blood background activity; +2 definite
but faint activity over myocardium but less than
uptake by bone; +3 and +4 represents increas-
ing degrees of activity within the infarct, +3
being uptake equal to the uptake observed in
sternum and ribs and +4 being greater than
neighbouring bone activity (sternum and ribs). In
this study 0 and +1 were considered as negative
and grades +2 to +4 as positive for myocardial
damage. No adverse reaction to the injection of
the radiopharmaceutical or from the imaging
process itself was noted in any patient. In
addition every patient underwent daily 12 lead
electrocardiograms and daily estimation of creati-
nine phosphokinase, aspartate transaminase and
hydroxybutyri¢ dehydrogenase.

290



wyfyl fepou
pue eIpIedoipeiq

JuSISueRI}
UopONpuUod JoLI9) UL
JuRIIDQY 4 aamsod pasiey TN Jorzapuy — W 89 6
JorIoyur A eru
— € aasod ¢ 4 pasiey I Jouxdyuy | -ojomsejoyoredAy N z ‘8
JorIayur
— 4 aAmsod. ¢ + pasteyq I For1a3u] - A\ 9L L
Jouaue .
- € aamysod 7+ pasteyq I Jouayuy euduy W 474 9
Ananoe [eydos SA—TA
-o1o1ue aAnysod Ul UOI)BAR[d
wskInoue € + jua)siszad "L°S 1uagsiszad euiSue 9[qejsun
IB[NOLIUS A L erdasosajue 4 pasrey TN 1eadesororuy spLIPME Arewnig LE 'S
— I [erdesoroue 74 asuI aurpIapIog I [eadasoraiuy IN W 9 b
[eI91E[OIRIUE orRIUL
AV ya "A°DD € aamisod ¢ + 9SU aulIaplog [EIpIEO0PU
-qns [BI9)B[0INUY Sa K 9 €
ADD JOLIOYUE JOMO|
so1do3oo “Juap € aapisod ¢ 4 asiI aurjIepIog euiSue s[qesun) AAT ym so X A 1S e
reordeorojue A I8}
- € aapisod § 4 peostey -dasozajue Jua09y euiduy A €S I
[s®p]
uBOS puB JISUO Xag
uoysondure)) UIAMPIQ [BAIIIUY uedg somkzuy DOH *°H'I Snosig /38y | "ON
VIVA INALLVd

I HTdV.L

291



¥o0[q 1reay 939[dwod —

weI30IpIed0I}da[d

gHD

D04

aInjrey oeIpIeLd 2ANSATUOd = JDD
9seasIp ey d1waeyds] = qHI

9INJIe}] JR[NOLIIULA PO = JA']

UOI}dIRYUI [RIPIBOOAW = [JA :pudSe|

— — (aAnpedat) |+ pasiey TN Teidesorouy IN €S 81
UWIOIPUAS SnUIS
IS “erwiphyre
Apeighyoel yum Bl
wylkyl [epou 9 0 pasiey euidue s|qeisup) | -ejoxisajoydradAy €S L1
gHO
— 61 damo pasiey | I [eadosorsjuy gHD 43 91
_ ¢ 0 pasiey |  ewidue s[qejsup IN s ‘ST
— 8 (eAyeSou) T 4 asuI aurjIapIog [eULION IN vl b1
IN
reidasoraue JU2231 § HOF Jewr sadueyo OO
400 6 aamsod ¢ 4 [euLIoN -Iouqe SnorAelg juagsiszad TN 8y €1
— "l (aanedau) 14 asuI aupIaplog euiSue a[qelsun) — S A
) spesj
A Ul UOHEA3[d IS
2A1) JUSISISI9 ‘oUOp
-e3ou 103e[ skep UOI}03saI YIm
, ueds yeadas Jex TN 1U9221 j [ewr wSKINOUBIUI A
dAT € -oye] JoLdjue €+ 9SH SUIIdPIOY | -ouqe A[snoiAdid AAT YA JA 144 By
Jouejue
— € aamisod ¢4 9SWI JUII9pIOY | eurdue o[qeisun) — w 01
[skep] xog
suoyyeordur 1IE9S pue 3osuo
Heafduo) Usaumoq [EAtay] uwag somizuy D04 ‘A'H'I snomadig /38y | -oN

[paue)] VIVA INALLVd

1 A14VL

292



TABLE 11

99m. pyp AND 99MTe.MDP SCAN RESULTS FROM
18 INVESTIGATED PATIENTS

Diagnosis No. Cases Positive Negative Sensitivity
Scan Scan
) PYP %39%) 6 1 - 85%
Transmural infarction )
) MDP 2(11%) 1 1 50%
) PYP 1 (6%) 1 0 100%
Subendocardial infarction )
i ) MDP 0 (0%) 0 0 -
) PYP 3(16%) 2 1 66%
Unstable dngina )
) MDP 2(11%) 0 ) 2 -
) PYP 1 (6%) 1 0 -
Doubtful diagnosis .
Doubtful diagnosis )
) MDP 2(11%) 2 1
) PYP 12
Patient total )
) MDP 6
TABLE Il
ANALYSIS OF 99mTc.pYP AND 99MTc-MDP SCANS AND
ENZYME RESULTS IN PATIENTS STUDIED
. . 9my,. | 99mpe. | Total No. Positive | Borderline | Negative
Diagnosis [ECG] PYP MDP of Cases | Enzymes | Enzymes | Enzymes
. } +ve scan 6 1 7 6 1 0
Transmural infarction )
) -ve scan 1 1 2 2 0 0
) +ve scan 1 0 1 0 1 0
Subendocardial infarction )
) -ve scan 0 0 0 0 0 0
Unstable angina ) +ve scan 2 0 2 0 2 0
(accelerated angina )
preinfarction syndrome ) -ve scan 1 2 3 2 1 0
) +ve scan 1 1 2 0 1 1
Previously abnormal )
electrocardiogram
electrocardiogram ) -ve scan 0 0 0 0 0 0
) §ve scan 0 0 0 0 0 0
Normal electrocardio-
gram ) -ve scan 0 1 1 0 1 0
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To investigate the possibility of false positive
myocardial imaging 50 patients referred for whole
body bone scanning with a variety of non-cardiac
conditions also underwent myocardial imaging 1
hour after intravenous injection of the same dose
of the radionuclides. The patients’ clinical data,
serum enzyme result, electrocardiogram and the
side and grading of radioactivity and interval
between chest pain and imaging is summarized in
Table 1. Patient population consisted of 13 males
and S females with age ranging from 27 to 76
years old. The mean time from onset of acute
chest pain to imaging is 6 days (range = 1-19
days). gn 12 patientsgngc-PYP while in 6
patients MTc-MDP were used.

9 patients (50 per cent of all admissions) were
diagnosed on the basis of the electrocardiogram
to have transmural myocardial infarction (McCo-
nahay et al; 1970). Of these 7 patients had a
positive scan and 2 patients had a negative scan:
sensitivity of detection - 78 per cent (Table II).
The 2 patients with negative scans were imaged
at 17 and 19 days after infarction, and it is
possible that earlier imaging would have been
positive. 1 patient (6 per cent of admissions) was
judged to have subendocardial infarction (Table
I). She had a positive scan: sensitivity of
detection - 100 per cent and bordetline enzyme
rise. Of the 9 patients with transmural infarction
8 had positive enzyme rises while 1 had
borderline enzyme rise. ‘

S patients (28 per cent of admissions) were
considered to have unstable angina (accelerated
angina, preinfarction syndrome). Of these only 2
had positive scans with imaging done at 3 days
after onset of acute chest pain: sensitivity of
detection - 40 per cent. Both had borderline
enzyme rises. Of the remainder 3 patients with
negative scans, 2 had positive enzymes rises with

imaging done at 3 and 6 days from onset of chest
pain; 1 patient had borderline enzyme rise with
imaging done at 14 days from onset of chest
pain.

The remaining 3 patients (16 per cent of
admissions) presented with doubtful diagnosis
and 2 had abnormal electrocardiograms resulting
from conduction defects or previous ischaemic
damage rendering electrocardiographic diagnosis
impossible. These two had positive scans with
negative or borderline enzyme rises and repeat
scans 7 days later were negative; one of them had
previous massive infarction and resection of
ventricular aneurysm 3 years previously presented
with mild left ventricular failure but had no chest
pain. The remaining 1 patient who had angina
pectoris for past 18 years and myocardial
infarction 8 years ago presented with chest pain
but had a normal ECG and borderline enzyme
rise. The scan was negative but was done at 8
days after the onset of chest pain and it is
possible that an earlier imaging would have been
positive. Further analysis of these results is
presented in Table III.

One of the patients with ~acute transmural
infarction had primary arteritis for the past 10
years, angina pectoris for the past 5 months and
accelerated angina for 1 month prior to
admission. She presented with severe retrosternal
pain, and electrocardiogram indicated acute
anteroseptal infarction. Positive enzyme rise and
+4 positive scan were obtained. Repeat electro-
cardiograms 6 months later showed persistence of
ST elevation in V1-V5 leads and a repeat scan at
this time still showed +3 positive anteroseptal
activity indicating a ventricular aneurysm.

Table IV shows the results of myocardial
images obtained with the group of 50 patients

TABLE IV

50 PATIENTS WITH NON CARDIAC PATHOLOGY REFERRED
FOR WHOLE BODY BONE SCANNING

Isotope No. of +4 activity | +3 activity +2 activity | +1 activity 0
Patients image image image image activity
99mTc-PYP 25 0 0 0 2 23
99m,.
MDP 25 0 0 0 1 24
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Anterior left Lateral Left Anterior Obligue

Figure 1. M. Paramsothy et al. Normal 99MTc PYP Scan.

Figare 2. M. Paramsothy et al. 99my.. MDP Scintigra:h [anterior
view] of anteroseptal infarct.
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Figure 3. M. Paramsothy et al. A typical 99mT. PYP Scan of a Fi; 4. M. Paramsoth al. Serial 99MTe.
patient with an inferior myocardial infarction. gure othy et al. Serial Te-PYP Scan.

Figure 5. M. Paramsothy et al. Typical Scan of a subendocardial
infarct.
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with no history of heart disease referred for whole
body scanning for a variety of reasons but mainly
for the detection of bony metastasis.

In our study with ™Tc-PYP and®®™Tc-MDP
the apparent low sensitivity of detection with

9mTc-MDP is probably due to the fact that most
of the patients imaged with this radiopharmaceu-
tical had a long interval time between chest pain
and imaging (varied from 3 to 19 days). In
relation to quality of images both radiopharma-
ceutical appeared to be similar in their ability.

Fig. 1 to 5 represents the spectrum of
scintiscans obtained with this technique in this
series of patients.

DISCUSSION

Imaging of acute myocardial infarct can be
performed both with radiopharmaceuticals that
visualize the normal myocardium (42K, 43K,
81Rb, 86Rb, 129Cs, 131Cs, 201T1) and with
those that visualize the abnormal myocardlum
o™ Te- tetracycline,”” Tc-glucoheptonate, 99m e
phosphates). Each group of radiopharmaceuticals
has advantages and disadvantages and has been
discussed previously.

201Thallium (20!T) with its 74-hr half life and
81-Kev x-ray and high myocardial extraction
efficiency (greater than 80 per cent) and more
suitable imaging properties has now become
established as the imaging agent of choice in the
evaluation of patlents with ischaemic heart
disease. Exercise 201 T/ myocardial scintigraphy
provides prognostically significant information
about specific coronary lesions and the necessary
functional equivalent to coronary arteriogram and
is probably the most sensitive method for the
detection of myocardial ischaemia. It is more
sensitive than S-T segment depression on the
exercise ECG (Wainwright and Maisey, 1978).

The ability to distinguish reglons of myocardial
ischaemia from fixed necrosis using 29T/ -scinti-
graphy is invaluable to surgeon planning myocar-
dial revascularization by CABG surgery and this
can be accomplished more economically by
abandoning separate rest and stress injections
and instead re-imaging the myocardlum several
hours after initial administration of 2°'T/ when
significant intramyocardial redistribution of tra-
cer has occurred. At present the three most

297

-of CABG patients.

clinically relevant uses of this technique "are (1)
Detection of specific coronary artery:disease. e.g.
left anterior descending (LAD) disease; especially
in public transport personnel such as- airline
pilots and in patients without symptoms. but
strongly positive exercise electrocardiograms. (2)
Distinction of myocardial necrosis from myocar-
dial ischaemia e.g. in the preoperative assessment
(3) Follow up of CABG
patients - non-invasive detection of graft closure.
There are other valuable and potential applica-
tions but remain to be completely explored.
201Thallium myocardial scintigraphy should be
the initial method of choice in the assessment of
ischaemic heart disease if this technique is
available. It can be suitably combined with99mTe-
multiple gated acquisition (MUGA) scintigraphy
as one sequential procedure in individual pa-
tients. The information obtained by both me-
thods is complimentary as perfusion defects cause
ventricular wall motion and resulting pump
function abnormalities. It is invaluable in the
coronary care unit where the cardiologist need to
monitor patient’s cardiac function continuously

and evaluate therapy instituted.- The chief dis-

advantages of 01T are its cost and its restricted
availability. (©"" T is cyclotron produced and has
a half life of 74-hrs). Daily serial imaging of the
same patient is undesirable because of high cost,
dosimetry and long biological half-life characte-
ristics. An old infarct cannot be distinguished
from a recent one.

The advantage of99mTc-1abelled phosphates
imaging are accurate diagnosis can be made 24
hours after the acute episode with a false negative
rate of less than 4 per cent (Parkey et al, 1977).
Serial daily imaging of the same patient is
eminently possible as the radiopharmaceutical is
relatively cheap, and the dosimetry and biological
half-life characteristics allow for daily i lmages (70
mRad for 201'T] against 15mRad/mCi, for??mTc
whole body). An old infarct can be distinguished
from a recent one since only the latter will
concentrate these radiopharmaceuticals. These
substances are thought to be -bound with the
calcium ion of hydroxyapatite crystals in or near
the mitochondria of damaged cells and accumu-
late mainly in the tissue at- the edge of- the
infarct. However, the sub-cellular distribution
experiments by Dewanjee and Kahn (1976) did
not substantiate this theory and suggested that
the uptake of technetium chelates in myocardial
infarcts may be due to the formation of



polynuclear complexes with denatured macro-
molecules rather than to  the deposition of
calcium in mitochondria. This would also explain
why other technetium chelates such as™ Tec-label-
led tetracycline and glucoheptonate have some
ability to concentrate in myocardial infarct
although they are in no way considered bone
scanning agents. The uptake of these radiophar-
maceuticals by damaged : myocardial tissue pro-
duce a positive image (“hot spot”) without
interference from the mnormal myocardium.
Images of high technical quality are obtained by
using radiopharmaceuticals of high signal to
noise ratio (uptake in infarcted myocardium/
uptake in normal myocardium). The slgnal to
noise ratio for’ ™Tec- pyrophosphate and 7™
methylene dlphosphonate is 5:1. Recently a new
bone imaging agent e 1m1dod1phosphonate
(9 Tc-IDP) with a signal to moise ratio of 20:1
has been used experimentally and clinically and
claimed as the agent of choice (Ell et al, 1978
and Joseph er al 1978). Minimum interference
from the blood pool background activity is
important in producing high quality images, and
this is dependent on the blood clearance rates of
the radiopharmaceuticals. - The percentage of
S-minute post-injection sample at 1 hr for99mTc-
MDP = 25%:99MTc.PYP = 39%; and” ™Tec-
IDP = 30% (Ell et al, 1978). Activity in the
bony structures is minimized if imaging is
performed 1 hr after intravenous injection.
Contrast enhancement by computer processing
with background and rib subtraction techniques
make the image even better seen. This may be
necessary in about 10% of cases especially of
infarctions in the posterior wall which have
superimposed rib structure seen. However uptake
in normal bone is not considered a disadvantage
for it allows exact location of the sternum and
xyphoid and the rib arches, this being an
excellent anatomical reference system for the
interpreting observer. Throughout this investiga-
tion it was consistently felt that both for the
nuclear -medicine physician and the cardiologist
the interpretation of these images is much easier
and perhaps, therefore, more accurate.

If high sensitivity of detection of myocardial
infarction is to be achieved with this technique
serial scanning is mandatory. Two patients had
clinical and electrocardiographic evidence of
transmural infarction and positive enzymes rises
but negative scans. Both patients, however were

scanned at 17 days and .19 days after the acute
event, clearly too late and these two cases should
not be counted as true false negatives. The
optimal time for imaging is between 24 and 48
hts after the acute event. A positive result with a
technetium scan may usually be obtained up to 6
days after acute episode; after this the image
begins to fade and this is a most useful feature of
positive myocardial infarct imaging as it allows
the differentiation of an old infarct from a recent
one (Ell et al 1978). In our series one patient
had previous myocardial infarction with
aneurysm from anterolateral wall resected and
presented with mild left ventricular failure but no
chest pain; and another patient with previous
infarction presented with chest pain. Both pa-
tients had persistent electrocardiographic changes
since the previous episode and negative or
borderline enzyme rise in this episode and
electrocardiographic diagnosis of recent infarction
was problematic. Both patients had +3 positive
scans and repeat scans 7 days later were negative,
confirming recent reinfarction. (Fig. 4). Infre-
quently the positive image persists for weeks or
months and could be a problem in interpretating
subsequent scintiscans in these patients who are
at risk of reinfarction. (Parkey et al, 1977).
Persistent S-T elevation in V1-V$ electrocardio-
graphic leads and persistent positive scans could
suggest ventricular aneurysm. One patient in our
series who had a 10 year history of primary
arteritis, S months history of angina pectoris, and
1 month history. of accelerated angine had an
acute anteroseptal infarction with ECG changes
and a +4 positive scintiscan. Repeat studies 6
months later showed persistent ST elevation on
V1-V5 leads and + 3 positive anteroseptal activity
scintiscans indicating an anteroseptal ventricular
aneurysm. Thus meaningful interpretation is
possible by correlation with the clinical status
and comparison with previous scintiscans. Base-
line myocardial scans should be considered for
patients with symptomatic coronary artery
disease.

Assessing the image is subjective and the
grading O to +4 using the method of Parkey et al
(1974) refers to visibility of the image and not to
its size. Assessing the size of an infarct by
technetium scans is not reliable as uptake
depends on blood flow and is not proportional to
the volume of the infarct. Recent work indicate
increased localization of the phosphate com-
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pounds in areas of reduced coronary flow
implying that some perfusion is required for the
tracer to be extracted and positive uptake does
not necessarily mean cell death or irreversible
injury. In our series out of the 5 patients
diagnosed to have unstable or accelerated angina
2 had +3 positive scintiscans at 3 days after the
onset of acute chest pain. Of the remaining 3
patients with negative scans 2 had initial scans
done at 6 and 14 days after onset of acute chest
pain and this delay could possibly have affected
the imaging. Radioactive uptake in unstable
angina has been also documented elsewhere
(Donsky et al, 1976). Myocardial uptake has also
been observed in patients with stable angina,
.valve calcification, cardiomyopathy, after direct
current transthoracic shock therapy and on
dialysis with secondary hyperparathyrmdlsm and
uremic pericarditis.

Unequivocally positive scans are present in
about 90-95% of ECG proved transmural in-
farcts; where a localised area of uptake is seen
(Fig. 2, 3); in subendocardial infarction the
images are less intense and usually diffuse (Fig.
5), so that necrosis can seldom be localised
anatomically. In our series positive scans in ECG
proved transmural infarcts were obtalned in 78%
of cases. However this does not reflect the true
sensitivity of detection as in both patients with
negative scans the imaging were done at 17 and
19 days after the acute event. Fewer than 4%
false negative results occur with optimal timing of
imaging (1-3 days after the onset of infarction)
and performance of serial imaging (Parkey et al,
1977). A localised zone of intense activity in the
anterior wall is seen on anterior infarction (Fig.
2) and plate-like or band-shaped activity along
the inferior or diaphragmatic wall of myocardium
occurs in inferior wall infarction (Fig. 3). In our
series the lower rate of positive scans using” "' Tc-
MDP as compared t099mTc-PYP does not reflect
its true sensitivity of detection as many of the
patients imaged wth this radiopharmaceutical

had long time intervals between onset of event,

and time of imaging; in addition lesser number
of patients were scanned with SmTe-MDP than
9mTc-PYP. Both the imaging agents have
similar signal te noise ratio (5:1) though99mTc-
MDP images at 1 hr have significantly less
background activity. In majority of patients, the
diagnosis of myocardial infarction could be made
on the basis of well established criteria. A high
sensitivity (85%) was achieved with?™Tc-PYP

scanning in patients considered to have transmu-
ral infarction. The one patient with subendocar-
dial infarction (100%) had positive scan. 2 of the
9 patients with transmural infarction and the 1
patient with subendocardial necrosis had only
borderline enzyme increases and may represent
the hinterland between infarction.and ischaemia
without infarction, and illustrates the use of
technetium scans being sufficiently sensitive to
show myocardial damage undetected by enzyme
elevation. In these 3 cases the technetium scans
were considered to be of special diagnostic value.

3 patients (16%) presented with a doubtful
diagnosis either because of previous abnormal
and  uninterpretable ‘electrocardiograms or
because of normal electrocardiogram (Table III).
The 2 patients with previous abnormal electrocar-
diograms had positive scans with normal or
borderline enzyme levels. Repeat scans 7 days
later were negative and it was considered
justifiable to classify these patients as infarcted or
having severe ischaemia. In the 1 patient with
normal electrocardiogram and bordetline enzyme
levets the negative scintiscan was of value in
excludlng infarction. Thus in all -these 3 cases
the ™ Tc- -phosphates scans were of considerable
diagnostic value. False positive images occur in
about 10-15% of patients and may be secondary
to delayed clearance of radiotracer from cardiac
blood pool e.g. in renal diseases; breast tumours;
functioning breast parenchyma in premenopausal
females; healing rib fractures or other rib
abnormalities, and carcinoma. In our group of 50
patients with noncardiac pathology none had
positive myocardial images (Table 1V).

CONCLUSION
In assessing the role of technetium-labelled

- phosphates myocardial scanning the conventional

methods of diagnosis of infarction has to be
considered. Doubt whether infarction has occurr-
ed arises most often in patients with old
infarction with persistent ECG changes, left
bundle branch block, subendocardial infarction
and after cardiac operation when the serum
enzymes concentration are raised because of
tissue trauma. It will be in these cases the
physicians could find the scintigram useful in
establishing myocardial ischaemic necrosis. It is a
safe, simple, cheap, reproducible, repeatable,
non-invasive, and sensitive test (95% sensitivity of
detection). Gamma cameras are expensive and
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few medical units have them. For reliable results
care in technique and caution in interpretation
should be exercised. 20! Thallium myocardial per-
fusion scintigraphy is probably the most sensitive
test for ischaemic heart disease and when
combined with®™Tc-MUGA scintigraphy which
provides information about wall motion, cardiac
chambers, ejection fraction is invaluable in
coronary care umit. However, >™Tc-labelled phos-
phates myocardial scintigraphy is still the more
widely used method.

SUMMARY

Radioisotope detection and localisation of
myocardial infarction is discussed. Its clinical
value and pitfalls are also discussed. The clinical
application of this safe, simple, sensitive, repeat-
able, reproducible and non-invasive method in
Malaysian patients performed during the period
October 1978 to April 1979 at the University
Hospital is reviewed. The main value of M.
labelled phosphate scan is in the demonstration
and localisation of recent myocardial infarctions
in patients where the electrocardiogram or serum
enzymes changes are unhelpful.
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