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Myocardial infarct size was estimated by three methods in a canine model,
using Tc-99m pyrophosphate at 24 and 48 hr after coronary ligation. A gamma
camera provided anterior, LAO, and lateral views, and was then fitted with multi-
pinhole (MPH) and rotating-slanthole (RSH) collimators for tomographic studies,
processed by computer to display frontal sections of the chest. Infarct weight was
measured postmortem for comparison. All transmural infarcts were detected by
all three imaging techniques. RSH tomography was superior to both MPH tomogra-
phy and planar imaging for the detection of nontransmural infarction. infarcts as
small as 1.0 g were detected. Estimates of infarct volume measured from RSH
slices showed an excellent correlation with infarct weight (r = 0.89) and were re-
producible within acceptable limits. Estimates of infarct volume measured from
MPH slices demonstrated a significantly poorer correlation with Infarct weight (r
= 0.48, p < 0.01). Both tomographic techniques may improve infarct visualization
by suppressing overlying activity and increasing contrast between infarct and
background, but both produce significant blur artifacts that hamper their utilization

by inexperienced observers.
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The fraction of myocardial tissue involved in acute
infarction has been shown to have important therapeutic
and prognostic implications (/-4). Because of this,
several diagnostic modalities have been used to measure
infarct size noninvasively in man (5-21). Enzymatic,
electrocardiographic, transmission computed tomo-
graphic (TCT), and scintigraphic techniques have all
been applied with some success. Radionuclide methods
are particularly attractive because of their suitability for
use with patients in the intensive-care setting, and the
potential to locate and size infarcts acceptably using an
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infarct-avid agent such as technetium-99m stannous
pyrophosphate (Tc-99m PPi).

Early attempts to size acute experimental infarcts
using the greatest area subtended by the infarct on any
of three planar images of the thoracic distribution of
Tc-99m PPi gave good results for transmural anterior
and anterolateral infarcts (/1,16). However, posterior,
inferior, septal, and nontransmural infarctions were
difficult to quantify using this two-dimensional tech-
nique, especially small infarcts with nontransmural
distributions. Indeed, approximately 3-5 g of necrotic
tissue appeared to be the lower limit of consistently de-
tectable infarction by planar imaging (22).

In a canine model, Stokely et al. have demonstrated
that a four-pinhole longitudinal tomographic system
extends the capability of Tc-99m PPi infarct sizing to
include posterior and some nontransmural infarcts as
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well as anterior lesions (23). However, significant
practical limitations of the multipinhole approach were
also identified.

The purpose of the present study was to compare the
capabilities of two limited-angle longitudinal tomogra-
phic systems for the detection and sizing of small ex-
perimental myocardial infacts in dogs.

MATERIALS AND METHODS

Twenty-one mongrel dogs were anesthetized with
intravenous pentobarbital sodium. Through a left tho-
racotomy, one to three branches of the left anterior de-
scending coronary artery were ligated at the mid level
or below. The chest was closed and the animals allowed
to recover. Twenty-four to 48 hr after occlusion, the
animals were again lightly anesthetized with pentobar-
bital sodium and given 5-10 mCi Tc-99m PPi (2.5 mg)
by direct venepuncture. Imaging was begun 1.5-2.5 hr
later.

Planar images were acquired in anterior, 35° left
anterior oblique (LAQ), 70° left anterior oblique, and
left lateral projections with a gamma camera equipped
with a high-resolution collimator. Energy discrimination
was provided by a 20% window centered on the 140-keV
peak. Anterior projections were acquired to a density of
500,000 counts per image, and the other projections used
the same imaging time. Digital data were stored in a
computer system in a 128 X 128 X 10 format. This
procedure is one our institution has used for routine
clinical studies, and has been shown to provide an ex-
cellent compromise between image statistics and ac-
quisition time.

Multipinhole and rotating-slanthole images were
acquired in random order following the planar
imaging.

A previously described four-pinhole collimator (23),
based on the design of Vogel et al. (24) and constructed
to fit a standard-field-of-view gamma camera, was used
for multipinhole data acquisition. With the planar im-
ages as a guide, one million counts per image were col-
lected in anterior and 45° LAO projections and stored
in 128 X 128 X 8 format in a portable acquisition unit.
This procedure represented a compromise between ac-
quisition time and necessary statistics for backprojection
reconstruction. The time for each of the multipinhole
data sets was approximately the same as that for the
multiple planar images. A weighted opposed-view
backprojection algorithm was used to reconstruct five
to nine frontal slices 1 cm apart. Three or four iterations
of a deblurring algorithm based on the method of Tom-
itani and Tanaka (25) were applied to the backprojected
reconstructions.

Rotating-slanthole images were acquired with a 25°
high-resolution slanthole collimator mounted on a
gamma camera, the detector being parallel to the ante-
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rior chest wall in each of six angular projections sepa-
rated by 60°. Images were acquired to a density of
200,000 counts per image and stored in 128 X 128 X 10
format in a computer system. This provided about the
same total number of events, and required about the
same time, as did the multipinhole series. A weighted
opposed-view backprojection algorithm was used to
reconstruct 12 slices 0.5 cm apart. Three iterations of a
least-squares algorithm developed by Gottschalk et al.
(26) were applied to the backprojected reconstruc-
tions.

SCINTIGRAPHIC INFARCT SIZING

Two-dimensional (2D) estimates of infarct size were
obtained by computer-aided manual planimetry of the
infarct area in each of the four planar projections (/6).
Reproducibility was tested by sizing the scintigrams
blindly three to five times over a period of 2 wk. Scale-
factor calibration was provided by two point sources
separated by exactly S cm. The largest area in any pro-
jection was taken as the estimate of infarct area.

Tomographic infarct sizing from multipinhole data
was performed by computer-aided manual planimetry
of the Tc-99m PPi uptake in each reconstructed slice.
Areas from each 1-cm slice were assumed to be 1 cm
thick, and were added to give infarct volume (23). The
planar images were available for review during the sizing
procedure. A single point source at 14 cm was used to
determine the x and y scale factors of the reconstructed
images. The scale factor in each reconstructed slice was
corrected to a constant 2.5 mm/pixel dimension using
an interpolation algorithm. The average result of at least
two estimates of infarct volume obtained on separate
occasions was used for comparison with postmortem
measurement of infarct weight.

Tomographic sizing from rotating-slanthole data was
performed in similar fashion, with calibration of recon-
structed images obtained by a point source at 24 cm and
two point sources exactly 5 cm apart.

All scintigraphic estimates of infarct size were made
without knowledge of the necropsy results.

POSTMORTEM DETERMINATION OF EXPERIMENTAL
INFARCT SIZE

Following completion of the imaging studies, the an-
imals were killed with large doses of pentobarbital so-
dium and the hearts removed. The hearts were sliced
transversely into five sections, which were washed in
saline and placed in a 1% solution of 2,5,3-triphenyl
tetrazolium chloride (TTC) in phosphate buffer for 30
min or until the normal myocardium was stained (/6).
The sections were then fixed in phosphate-buffered
formalin. The left-ventricular myocardium was weighed
for each slice, and the unstained, infarcted portion of
each slice was excised and weighed. Total infarct weight
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TABLE 1. DETECTION OF MYOCARDIAL INFARCTION

Technique All infarcts Transmural Nontransmural
Planar 18/21(85.7%) 14/14 (100%) 4/7 (57.1%)
MPH 19/21(90.5%) 14/14 (100%) 5/7(71.4%)
RSH 21/21(100%) 14/14 (100%) 7/7 (100%)

Abbreviations: MPH - multipinhole tomography; RSH - rotating-slanthole tomography.

was recorded as the sum of the infarct weights for all
slices (16).
RESULTS

Infarcts were produced in all 21 animals and ranged
in size from 1.0 to 23.0 g (mean = 10.1 £ 5.5 g). Four-
teen infarcts were transmural, with a range of 7.1-23.0
g (mean = 12.9 + 9.0 g). Seven infarcts were non-
transmural with a range of 1.0-9.0 g (mean = 4.5 £ 3.1
8).

Table 1 compares the results of the three imaging
techniques for detection of myocardial infarction. All 14
transmural infarcts were detected by planar imaging and
were easily identified on the reconstructed slices pro-
duced by both tomographic systems. Among the non-
transmural infarcts, however, only four of seven were
detected by planar imaging and only five of seven by
multipinhole imaging. These results are further char-
acterized in Table 2.

Figure 1 shows the correlation between anatomical
infarct weight and measurements of infarct area. The
2D estimates (when obtainable) demonstrated a corre-
lation with postmortem measurements (r = 0.72) that
was quite similar to that in our previous results for
grouped transmural and nontransmural infarcts. How-
ever, five infarcts that were identified by planar imaging
could not be reproducibly sized because of faint uptake
and/or indistinct boundaries, and are not included in this
correlation. These five ranged in size from 9.0t0 17.1 g
(mean = 129 * 2.7 g). Four of the five were
transmural.

Figure 2 shows the correlation between anatomical
infarct weight and infarct volume estimated from mul-
tipinhole data acquired in the anterior projection. The

TABLE 2. DETECTION OF NONTRANSMURAL
INFARCTS

Infarct wt. 2D MPH RSH
1.0g - + +
25¢g + + +
27¢g + + +
3.2¢g - - +
43¢ - - +
85¢g + + +
9.0g + + +
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r value of 0.48 (p < 0.01) is considerably poorer than in
our previous results with the four-pinhole technique. This
is probably due to the lower mean infarct weight and
greater percentage of nontransmural infarctions in this
series, and because in our earlier series the animals were
killed immediately before imaging in order to simulate
a gated acquisition. As in our previous study (23), the
results from the 45° LAO projection were significantly
different from those obtained in the anterior projection
and showed a poorer correlation with postmortem infarct
weight.

Figure 3 shows the correlation between postmortem
infarct weight and rotating-slanthole estimates of infarct
volume. The latter estimates (r = 0.89) were signifi-
cantly different from multipinhole volume estimates (r
= (.48) at the p < 0.05 level (paired ¢-test).

Reproducibility for the 2D sizing estimates was cal-
culated from at least three planimetric measurements
of each planar image set. The coefficient of variation
(CV) for the planimetered infarct area was calculated
for each animal. Values ranged from 3.2-7.5% for those
animals that were correlated with postmortem infarct
weight. The CVs for the five animals that could not be
reliably sized and were not correlated with infarct weight
ranged from 25 to 50%. Reproducibility of the infarct-
area determination in these five was significantly dif-
ferent from that in the other animals at the p < 0.001
level.

2D INFARCT SIZING

85
L [}
_ . ./l
~ 681 ]
€ o - y=045x +4.7
~ -
- . . S.E.» 0.82 cm?
= 541 /
a 2
: | .
[
0 34f
< o
w
[
<« 17
-
oAllllllll‘llllllllllllll'
o 5 10 15 20 25

HISTOLOGIC INFARCT WEIGHT (gms)

FIG. 1. Cormrelation (r = 0.72) between anatomical and scintigraphic
infarct size using largest area in four standard Tc-PPi scintigrams
(anterior 35° LAO, 70° LAO, left lateral) as the best estimator of
infarct weight.
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MPH INFARCT SIZING
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FIG. 2. Poor correlation (r = 0.48) between muitipinhole tomo-
graphic estimates of infarct volume and postmortem infarct

weight.

Reproducibility for the tomographic sizing estimates
was evaluated by calculating the error between the first
and second measurements of infarct volume. These er-
rors were much smaller than the root-mean-square de-
viation from regression for both multipinhole and ro-
tating-slanthole estimates. The regressions for the first
and second sizings were not significantly different.

DISCUSSION

Measurements of infarct size in patients seem to have
considerable predictive power concerning the immediate
postevent hospital course. Page et al. have shown that
serious complications of infarction can be anticipated
when the size of an acute infarct, or the combined size
of acute and chronic events in the same patient, equals
40% or more of the total left-ventricular muscle mass (/).
The development of pump failure and cardiogenic shock
are particularly devastating postinfarction complica-
tions. Serious ventricular arrhythmias, refractory to
medical management, also seem related to infarct size
(8). In addition, the segments of the left ventricle that
are damaged by infarction appear to have further
prognostic implications (27-29). Development of means
to assess the amount of damaged myocardial tissue and
to discover the location of such damage in the left ven-
tricle will have an important bearing on the patient’s
medical management. It will be particularly important
to monitor the effects of therapy directed at limiting
infarct size.

Scintigraphic imaging with the infarct-avid Tc-99m
PPi tracer has been shown to be a sensitive indicator of
myocardial necrosis (30). Anatomical location of in-
farction by Tc-99m PPi also shows excellent correlation
with pathologic findings (3/). Recently developed
methods to superimpose Tc-99m PPi images and ra-
dionuclide ventriculograms provide a dramatic means
to correlate infarct location with segmental ventricular
dysfunction (32). Two-dimensional estimates of infarct
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size made from multiple planar images show good cor-
relation with infarct weight for anterior and anterolateral
transmural infarcts (16), but for nontransmural infarcts
and nonanterior transmural infarcts, 2D size estimates
correlate poorly with infarct weight. Attempts to extract
tomographic information from orthogonal planar images
using a model of the infarct cross section have shown
some success (33,34), but have the disadvantage of re-
quiring the arbitrary selection of the model to apply to
a specific study.

Many of the problems associated with planar imaging
for the detection, localization, and sizing of acute myo-
cardial infarction can theoretically be obviated by the
application of emission computed tomography (ECT).
Commonly available techniques for performing single-
photon ECT can be classified into rotational and lim-
ited-angle approaches. Rotating-detector or rotating-
patient systems have been used by Budinger (35), Keyes
(36), Singh (37), Burdine (38), and others to produce
cross-sectional images of the myocardium with both
infarct-avid and flow-distributed tracers. Such rotational
techniques may add valuable information to that ob-
tained from routine multiview planar images. In general,
rotational systems are far superior to limited-angle
techniques, because the projections must cover at least
180° for the accurate reconstruction of a cross section,
and many projections within the angular coverage are
needed to achieve a unique reconstruction (39). How-
ever, rotational systems do have some disadvantages for
cardiovascular imaging. The current rotational systems
force the detector to travel in a circular orbit, and since
the thorax is not a cylinder, this results in increased de-
tector-to-chest distances for the important anterior
projections. In addition, these devices may be impractical
in intensive-care settings. For cardiovascular imaging,
limited-angle tomographic techniques have somewhat
different problems. As noted earlier, their tomographic
effect is limited by the angle subtended by the projec-
tions. The results also depend upon object geometry and

RSH INFARCT SIZING
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FIG. 3. Correlation (r = 0.89) between rotating-slanthole tomo-
graphic estimates of infarct volume and postmortem infarct

weight.
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relative orientation of the object to the detector. This
may be used to advantage in myocardial imaging.
Phantom studies have demonstrated that multipinhole
tomography improves contrast in thallium-201 images
if the detector can be positioned directly along, and or-
thogonal to, the long axis of the left ventricle (40). The
results of clinical studies, however, have been mixed
(41,42). For Tc-99m PPi infarct-avid imaging, Stokely
et al. have shown that a four-pinhole system extends
infarct sizing capability in experimental infarction to
include posterior and nontransmural infarcts as small
as 1.8 g (23). In our study, rotating-slanthole tomogra-
phy was superior to MPH tomography and planar im-
ages in detecting infarction. Estimates of infarct volume
obtained from the RSH reconstructions showed excellent
correlation with infarct weight, and were acceptably
reproducible. MPH sizing demonstrated a significantly
poorer correlation with infarct weight, a correlation
poorer than in our earlier results. This may be due to the
smaller mean infarct size in the present study, the greater
percentage of nontransmural infarcts, and the absence
of gated acquisition.

The results of this study should be equally valid
for comparisons between seven-pinhole and rotating-
slanthole tomography when all images are acquired with
a standard-field gamma camera. The fundamental
limitation on reconstruction from limited angles is the
lack of a complete set of Fourier coefficients (i.e., pro-
jections) because the total angle subtended by the pro-
jections falls short of the minimum 180° range necessary
for accurate reconstruction (39). We used four pinholes
rather than seven because this allowed the viewed volume
to be moved closer to the camera crystal, thereby pro-
viding a wider range of viewing angles for each pinhole
image. Simulation of an eight-pinhole system did not
show significant improvement over the four-pinhole
(23).

The extrapolation of animal results to man is often
difficult, and this is certainly true for the current study.
Clinically, the blur artifacts present in the tomographic
reconstructions may result in an increased number of
false-positive studies. Moreover, Tc-99m PPi images in
dogs tend to have significantly better target-to-back-
ground ratios than analogous images obtained in criti-
cally ill patients. Since all of the animals in this study had
acute infarction, we do not know whether the increased
sensitivity for the detection of small infarcts achieved by
limited-angle tomography is offset by a decreased
specificity.
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