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Technetium-99m MIBI to Assess Coronary
Collateral Flow During Acute Myocardial Infarction
in Two Closed-Chest Animal Models
Timothy F. Christian, Michael K. O'Connor,
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Collateral flow Is an independent determinant of infarcÃ¬size in both
animal and clinical studies of myocardial infarction. The purpose of
this study was to quantitatively evaluate, in a closed-chest animal
model, a noninvasive method of measuring coronary collateral flow
over a wide spectrum of collateral flow rates from a tracer that can
be injected during occlusion but measured after reperfusion.
Methods: Fourteen animals underwent 40 min of coronary occlu
sion using a closed-chest technique. Two closed-chest models
representing different rates of collateral flow were used: canine and
porcine. Coronary blood flow was measured by radiolabeled microspheres. Collateral blood within the risk zone was estimated from
the severity of 99mTc-sestamibi tomographic perfusion defect.
Results: Collateral blood flow was significantlyhigher in the canine
model than it was in the porcine model. There was close agreement
(r = 0.90) between absolute collateral flow by microspheres and the
severity of the tomographic perfusion defect. Conclusion: These
results suggest that an accurate noninvasive estimate of collateral
blood flow can be provided by an intravenous injection of 99nTcsestamibi.
Key Words: collateral circulation; radionuclide imaging; coronary
blood flow
J NucÃ-Med 1997; 38:1840-1846

\_xollateral flow to jeopardized myocardium is an important
determinant of outcome during acute myocardial infarction.
Animal studies of reperfusion have established the magnitude
of collateral flow as one of the four independent determinants of
infarcÃ¬size (in addition to the extent of the risk area, metabolic
demand and duration of occlusion) (1,2) and as the primary
factor in extending the window of time for which late coronary
reperfusion can be of benefit (2). The importance of collateral
flow as a determinant of infarcÃ¬size has been confirmed in
clinical studies (3-5). However, assessment of collateral flow in
Received Aug. 13, 1996; revision accepted Feb. 24, 1997.
For correspondence or reprints contact: Timothy F. Christian, MD, Mayo Clinic, 200
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patients during acute myocardial infarction is still a problem.
Angiographie assessment of collaterals is strongly associated
with subsequent outcome during myocardial infarction but is
not always available or feasible before thrombolytic therapy
(3-6). Invasive contrast echocardiography has been used in the
weeks after infarction to assess collateral flow but has not been
used clinically with an intravenous injection during acute
myocardial infarction (7).
In a previous clinical study, we described the use of the
severity of the perfusion defect by tomographic perfusion
imaging after the intravenous injection with WmTc-sestamibi to
assess collateral flow during the acute stages of myocardial
infarction (4). This measurement was strongly associated with
the presence of angiographie collaterals before reperfusion
therapy and was a significant determinant of final infarcÃ¬size,
which was independent of myocardium at risk and time lo
reperfusion. The purpose of this sludy was lo valÃ-dale a
noninvasive lomographic imaging method for the assessment of
collaleral flow, which can be initialed during coronary artery
occlusion bul acquired after reperfusion by comparing ils
performance lo true myocardial blood flow during occlusion,
determined by radiolabeled microspheres in closed-chest ani
mal models. This replicates the clinical situation for which this
technique has been used (4). To test this measure over a range
of collateral flows, two models were used: a canine model, in
which native collateral flow is expected to be high; and a
porcine model, in which native collateral flow is expected lo be
low.
MATERIALS AND METHODS
Experimental Preparation Methods
Two models were used in this sludy. Seven mongrel dogs
(weight 27 Â±2 kg; range 24 kg-29 kg) and eighl pigs (weighl 38 Â±
5 kg; range 32 kg-45 kg) underwent general anesthesia with
intravenous pentobarbitol, fentanyl and droperidol (dogs) or ketamine and fentanyl (pigs), for Ihe canine and porcine models,
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FIGURE 1. Experimental protocol for the two models during coronary
occlusion using a balloon catheter.

respectively. The animals were intubated and mechanically venti
lated with supplemental oxygen (40% Fi02) for both models. Five
catheters were introduced percutaneously into each animal with
fluoroscopic guidance: a cardiac pacing catheter into the coronary
sinus, an intravenous catheter, a catheter into the descending aorta
(for reference blood sampling), either a trans-septal left atrial
catheter (dogs) or a left ventricular pigtail catheter (pigs) for
microsphere injection and a coronary artery guide catheter for
introduction of a balloon angioplasty catheter (3.0 balloon size).
The angioplasty catheter was localized by fluoroscopy and contrast
injection. At no time was the chest cavity opened.
Experimental Protocol
The protocol used is schematically illustrated in Figure 1. All
animals were given an intravenous bolus of lidocaine ( 100 mg) and
maintained on an intravenous lidocaine infusion of 1 mg/min. At
time zero for both models, the left anterior descending artery was
occluded using a 3.0-mm balloon angioplasty catheter. Systemic
arterial pressure and the surface electrocardiogram were monitored
before, during and after balloon occlusion. Total coronary artery
occlusion was confirmed by contrast injection through the guide
catheter and distal coronary artery pressure monitoring, and the
electrocardiogram was monitored for ST segment elevation to
confirm the presence of ischemia. After 30 min of occlusion, 25-30
mCi of 99mTc-sestamibi were injected intravenously, and 2 X 10*
l41Ce-labeled microspheres (50 /j.Ci) suspended in Tween 80
(diameter = 15.5 /urn) were injected into the left atrium (dogs) or
left ventricular apex (pigs) simultaneously. Reference blood sam
pling in the descending aorta was obtained at a rate of 7.64 ml/min.
After a total of 40 min of coronary occlusion, the balloon was
deflated.
Imaging Protocol
Animals were placed in a triple-headed gamma camera (TriadSS, Trionix, Inc., Twinsberg, OH) with a special cradle to enhance
the reproducibility of positioning, such that the animal was
suspended in the anterior supine position. Two separate tomographic scans were obtained for each animal using low-energy,
medium-resolution collimators. An in vivo scan was acquired over
a 360Â°orbit, with 40 images per head at 3Â°intervals, for a total of
120 views. The acquisition time per view was 20 sec, for a total
imaging time of 13.3 min. The counts acquired for study were high
(mean 20.0 M Â±5.7 M counts; range 12.6 M-27.8 M counts).
After completion of this scan, a lethal dose of pentobarbital was
administered, and in situ tomographic imaging was repeated using
the same format. The heart was then excised and manually
sectioned into five short-axis slices of approximately equal thick
ness (1 cm). These slices were then placed on the collimated
camera face and imaged directly for 5 min.
Tomographic Reconstruction and Quantification
Images were processed using the same methodology used in
prior clinical studies (4,X). These techniques have been previously

described (9). Briefly, 1-pixel-thick transaxial slices were gener
ated by filtered backprojection using a Ramp Manning filter.
Horizontal and vertical short-axis slices were generated from the
transaxial slices. The limits of the myocardium were visually
determined, and the short-axis slices were generated between these
limits (9). Attenuation and scatter correction algorithms were not
used.
Circumferential count profiles were generated for each of five
representative short-axis slices (apical, midventricular, basal with
intermediate slices between the apex, midventriclc and base) using
previously described techniques (4,9.10). Perfusion defect size
(extent) was quantified as the number of radii (60 maximum, each
at 6Â°intervals) with less than 60% of maximal counts per slice over
the five slices and was weighted by the radius of the cavity and
apical location (4,9). Because of the absent chest wall and
anticipated reduced scatter and attenuation during the ex situ
acquisition, a 50% threshold was initially used to quantify defect
size for that set of images. However, there was no significant
difference in defect size using a 60% or 50% threshold due to the
sharp borders and severity of the defect. Consequently, for consis
tency, a 60% threshold was used to quantify all images.
Perfusion defect severity was calculated for each tomographic or
ex situ slice using the ratio of minimum-to-maximum counts from
the circumferential count profile curve (4). The lowest of these
values from the five short-axis slices was termed the nadir and used
as the single value representing collateral flow for that animal. This
method exactly reproduces the noninvasive assessment of collat
eral flow used in clinical studies (4) and is independent of the
threshold method of perfusion defect quantification.
Pathologic Analysis
The five ex situ short-axis slices were stained with 1% 2,3triphenyl tetrazolium chloride (TTC) within 1 hr-1.5 hr of animal
sacrifice and were subsequently photographed. The 8-in. X 10-in.
photographs were digitized using an image scanner, and infarcÃ¬
size
area was planimetered and measured using a software package
(NIH Image 1.58; National Institutes of Health, Bethesda, MD).
InfarcÃ¬size was expressed as the ratio of infarcted myocardiumto-noninfarcted myocardium X 100 [percentage of the left ventri
cle (LV)], adjusted for the weight of each slice. Short-axis slices
were then radially sectioned into equally sized transmural segments
and placed in a gamma well counter for 5 min each to determine
99mTc-sestamibi activity at 18 hr and ulCe microsphere activity 5
days later. The number of segments per slice varied with the radius
of the slice (minimum of four for the apical slice and maximum of
16 for basal slices).
Myocardial blood flow was determined for each segment from
the tissue activity at 5 days and for the reference blood flow sample
using a conventional formula (11,12). Coronary blood flow mea
surements were expressed as absolute measures in ml*g 'nun '.
Collateral flow within the center of the ischemie zone was
determined by two methods to control for random fluctuations in
sampling. In the first method, the lowest value of myocardial blood
flow in the risk region was chosen (minimal blood flow). In the
second method, a value was calculated from the average of the
lowest value and the two contiguous segments adjacent to it
(central ischemie blood flow). Technetium-99m-sestamibi activity
was expressed as counts-min 'g 'of myocardium and also as a
percentage of peak activity (normalized values). As a secondary
analysis, microsphere derived blood flow was expressed as a
percentage of peak flow in the heart to facilitate comparisons
between animals.
Statistical Analysis
Data are expressed as mean Â±s.d. Simple linear regression
analysis was used to compare continuous variables, such as
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perfusion defect severity, with microsphere-derived collateral
blood flow. Unpaired Student t-tests were used to compare model
differences, such as blood flow, sestamibi activity and infarcÃ¬size
between models. The primary analysis was the comparison of
absolute collateral blood flow with the tomographic in vivo nadir
by linear regression analysis. This was chosen because it provides
a close reflection of blood flow to the tissue during occlusion. It is
conceivable that normalized values to peak flow may be less
reflective of actual blood flow within the ischemie zone if peak
flow outside the risk area is unusually high or low. A secondary
analysis was the comparison of normalized collateral blood flow
values with the tomographic in vivo nadir. All analyses were
performed using commercially available software.
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slice perfusion defect were noi differenl by model (32% Â±10%
of LV for the canine model and 31% Â±9% of LV for ihe
porcine model). Risk area did noi differ significanlly when ihe
heart was tomographically
imaged wilhin the closed-chest
cavity (postmortem in situ scan) or with ihe addition of cardiac
molion (premorlem in vivo scan), as shown in Table 1.
Consequenlly, Ihere was close agreemenl belween ihe risk area
measured ex silu and Ihe tomographic in vivo measurement.
This finding reduces ihe likelihood that partial volume effecls
from wall molion abnormalities were present lo any significant
degree. InfarcÃ¬size was significanlly differenl by model, how
ever (Fig. 3). The mean infarcÃ¬size in Ihe dog model was <1%
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sestamibi uptake and the degree of myocardial blood flow
measured by radiolabeled microspheres during coronary occlu
sion for both models, despite the presence of prolonged reperfusion flow (1.5 hr-2.0 hr), both in regions with reduced flow
and nonischemic regions. Normalized measures are shown in
Figure 2. The correlation coefficients for non-normalized mea
surements for individual animals on a segment by segment basis
in the canine model ranged from r = 0.89 to r = 0.98, with a
median r value from the six animals of r = 0.94. Correlation
coefficients for the porcine model were equally good, ranging
from r = 0.88 to r = 1.0, with a median correlation coefficient
of r = 0.98 for the eight animals in this model. Consequently,
there was good concordance on a tissue level between flow and
isotope uptake. There was a small but consistent overestimation
of flow by sestamibi uptake, however, that was more pro
nounced in the canine model (Fig. 2).
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There were significant hemodynamic changes that occurred
during the 40-min coronary occlusion, although the response
did not differ by model. Heart rate significantly increased from
baseline (101 Â±16 bpm preocclusion compared to 126 Â±35
bpm during coronary occlusion; p < 0.05). Mean systemic
arterial blood pressure significantly fell from basal measure
ments (89 Â±10 mmHg preocclusion compared to 79 Â±12 mm
Hg during occlusion; p < 0.05). Total coronary artery occlusion
using the balloon angioplasty catheter was confirmed in all
animals by contrast injection through a left coronary guide
catheter and distal coronary artery pressure monitoring.
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A total of 15 animals were included in the study: 7 dogs in the
closed-chest canine model and 8 pigs in the closed-chest
porcine model. One animal (canine) died before acquisition of
the perfusion images and was subsequently excluded from the
study, leaving six animals in the canine group for analysis.
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FIGURE 2. Linear correlation by segment between normalized myocardial
blood flow and "Tc-sestamibi
activity for a canine model (y = 0.66x + 0.25)
(A) and a porcine model (y = 0.89x + 0.14) (B). Note the small degree of
overestimation of flow at low flow rates for both models.

of LV, with four of six animals demonstraling no idenlifiable
myocardial necrosis by poslmortem TTC slaining. Conversely,
infarcÃ¬size was appreciably greater in the porcine model (14%
Â±8% of LV; p < 0.002 when compared to infarcÃ¬size in Ihe
canine model), wilh all animals in ihis group demonslraling
some degree of myocardial necrosis (l%-22% of LV).
Measures of Collateral Blood Flow

There was a significanl inverse relalionship belween ihe
degree of collateral flow as measured by radiolabeled microspheres and the risk area for all animals (r = 0.53, p < 0.05),
but the confidence limits of Ihis relationship were wide. The
degree of collateral blood flow wilhin Ihe risk zone as measured
by radiolabeled microspheres was significanlly different be
tween models, as shown in Figure 4: canine, 0.13 Â± 0.09
ml'g~'min
', (range 0.02-0.27 ml-g~'min~');
compared lo
TABLE 1
Defect Extent by Technetium-99m-Sestamibi
Extent of defect (%)

Method

All Animals

Canine

Ex situ slices
Tomographic imaging in situ
Postmortem
Premortem
P

32 Â±9

32 Â±10 30 Â±9

NS

30 Â±10
30 Â±10
NS

34 Â±9 28 Â±11
31 Â±11 29 Â±10

NS
NS

NS

Porcine

NS

"Between canine and porcine models.
tBetween imaging modalities (all animals and by model).
NS = not significant.
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FIGURE 3. Mean and 95% confidence intervalsof risk area (left) and infarcÃ¬
size (right) by model. The risk area was calculated from the ""Tc-sestamibi
defect from the ex situ short-axis slices. Infarct size was determined by
postmortem TTC staining.

porcine, 0.03 Â± 0.05 ml-g -'min ' (range 0.005-0.14
ml-g min ) (p < 0.05; compared to central ischemie blood
flow values). This difference remained significant whether a
central ischemie value or a minimal value was compared. The
severity of the perfusion defect (nadir) paralleled this pattern.
Defect severity was more than 3-fold greater in the porcine
model when the ex situ slices were compared (canine model,
0.23 Â±0.08; compared to porcine model, 0.07 Â±0.06; p =
0.001 ). This difference remained significant, although with less
contrast, when tomographic imaging in vivo using the nadir
ratio was analyzed (canine, 0.22 Â±0.10; compared to porcine,
0.11 Â±0.05; p = 0.01 ) (Fig. 4). Consequently, collateral blood
flow was significantly different between the models, and
99mTc-sestamibi uptake within the risk zone demonstrated a
similar pattern of difference whether imaged ex situ or tomographically in vivo.
Noninvasive Estimation of Collateral Flow

The primary analysis of this study was to determine the
accuracy of tomographic imaging with 99mTc-sestamibi in
measuring collateral blood flow, and the results are shown in
Figure 5. The nadir of the perfusion defect was compared to
absolute coronary blood flow, which was measured as either an
average of three segments in the center of the risk zone (central
ischemie flow) or with the minimal flow value by segment
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FIGURE 4. Mean and 95% confidence intervals of collateral flow measures
by model. Microsphere-derived collateral flow (left) was significantly greater
in the canine model. The tomographic radionuclide assessment of collateral
flow (right) followed a similar pattern, showing significantly more residual
"Tc-sestamibi
activity in the canine model.

within the risk zone (minimal blood flow). This imaging
protocol for tomographic estimation of collateral flow replicates
the clinical methodology in acute infarction treated with reperfusion therapy. The correlation was highly significant with both
methods of microsphere derived measures of collateral blood
flow, but the correlation was strongest with minimal blood flow
values (r = 0.90), with a s.e. of the nadir value of 0.04. The
correlation with normalized blood flow values (as a percentage
of the peak blood flow value) was equally strong. Note that the
intercept for each graph does not go through zero, suggesting a
systematic overestimation of flow by 99mTc-sestamibi tomo
graphic imaging, similar to the overestimation found at the
tissue level. The relationship is linear, however. Consequently,
an estimate of blood flow can be made for a tomographic nadir
value. The s.e. of the estimate (4%-6%) suggests that such
noninvasive estimates based on this linear relationship will
reasonably reflect the degree of actual residual flow.
There was also a linear relationship between the nadir value
from the sestamibi image (tomographic, in vivo) and infarcÃ¬size
by TTC staining (Fig. 6). Note that all animals with a nadir
value of <0.10 (10% of maximal counts) had infarcts involving
>5% of the LV. An example of a single-slice analysis from one
of the pigs studied with very little collateral blood flow is
shown in Figure 7.
DISCUSSION

The outcome of acute myocardial infarction has been shown
in animal models to be primarily determined by the extent of the
area at risk, the duration of coronary occlusion and any
collateral flow present to sustain the jeopardized myocardium
for the duration of occlusion (1.2). Sestamibi tomographic
imaging in acute myocardial infarction has been shown to
provide accurate measures of myocardium at risk and infarcÃ¬
size ( 13-16). Because the duration of coronary occlusion can be
estimated from patient symptomatology, a comprehensive noninvasive analysis is potentially available using a single tech
nique if residual blood flow to the jeopardized region can be
measured. The results of this study, which replicate the clinical
scenario of acute myocardial infarction, suggest that a reason
able estimate of the degree of collateral blood flow within the
jeopardized zone can be obtained from tomographic imaging
with an acute injection of 99mTc-sestamibi. Two models were
chosen to provide a spectrum of collateral flow during occlu
sion: dogs, which usually have high native collateral flow; and
pigs, which usually have scant native collaterals.
The correlation of 99tnTc-sestamibi defect severity, deter
mined by tomographic imaging, with actual collateral blood
flow is possible due to the high correlation of these variables at
the tissue level, despite restoration of reperfusion flow. In
agreement with multiple prior reports, tissue sestamibi activity
was linearly related to myocardial blood flow in normally
perfused and ischemie myocardium when injected during oc
clusion but analyzed after reperfusion, but with some overesti
mation at low flow rates (13,17,18). The median correlation
coefficients for both models, despite 1.5 hr-2.0 hr of reperfusion flow, were r = 0.94 and r = 0.98 for dogs and pigs,
respectively. The close agreement seen at the tissue level
between these two measurements was maintained when sesta
mibi activity was assessed with tomographic imaging, but with
a consistent small degree of overestimation for both methods.
The results of this study are in agreement with those of Li et
al. (17), who demonstrated a close association between coro
nary blood flow and tissue sestamibi activity with tomographic
99mTc-sestamibi imaging in an open-chest canine model using 6
min of occlusion. However, the short duration of occlusion used
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FIGURE 5. Correlation of the nadir from the tomographic "Tc-sestamibi

images with microsphere-derived blood flow measures. The primary analysis is

shown in A and B, in which the comparison is to absolute blood flow values, either as a single minimal value within the risk zone (A) or as an average of three
segments within the center of the risk zone (B). A secondary comparison of these methods of assessing collateral flow with microsphere flow normalized to
peak flow within the LV (C,D). The linear regression equations for the figures are as follows. (A) y = 1.8x + 0.08. (B) y = 0.9x + 0.09. (C) y = 1.4x + 0.08 (D)
y=1.1x
+ 0.07.

by their model was not specifically designed to assess collateral
flow. Technetium-99m-sestamibi
was injected after only 1 min
of coronary occlusion. Collaterals may not be fully recruitable
during this short time period. We also felt that it was important
to use a closed-chest model and variable models of collateral
flow to more closely replicate the clinical scenario.
The extent of subsequent infarction was linearly related to the
tomographic sestamibi defect nadir. However, this should be
interpreted cautiously because the effect of collateral flow on
infarcÃ¬size is strongly influenced by the duration of coronary
occlusion (19), which was kept constant in this series of
experiments. Longer durations of occlusion may produce a
different correlation.
The correlation seen in this study (r = 0.90) using an
intravenous injection of 99mTc-sestamibi and standard closed-
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FIGURE 6. The correlation between the in vivo tomographic ungated nadir
value from the ""Tc-sestamibi
perfusion defect and subsequent infarcÃ¬size
by TTC staining postmortem. More severe defects were associated with a
larger extent of infarction.
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imaging with actual collateral blood flow
is closer than that reported wilh conlrasl echo-

cardiography. Cheirif el al. (20) found a correlalion belween the
echo centrasi time intensity area and relalive microsphere
measured collateral flow of r = 0.72 in an open-chesl canine
preparalion, in which Ihe chesl was filled wilh saline and Ihe
Iransducer was placed on Ihe epicardial surface lo enhance Ihe
acoustic inlerface. Addilionally, Ihe contrasl injeclion was
through the aortic root rather than inlravenous. Il is importanl to
noie these differences in methodology when comparing the
results of the Iwo lechniques. Allhough conlrasl echocardiography has been shown to be predictive of improvement in wall
motion in palienls in Ihe weeks after myocardial infarclion (7),
how well Ihis modalily will assess collaleral flow using an
inlravenous injeclion during clinical acule myocardial infarc
tion is uncertain.
Although many collaleral connections are below the resolu
tion of cine angiographie imaging and are thus underestimated,
the angiographie presence of collalerals before reperfusion
Iherapy has been a slrong predictor of oulcome. Habib el al. (3),
from Ihe TIMI study group, found lhat, in patienls who did not
undergo reperfusion, infarcÃ¬size was significantly smaller in
palients with well-developed collalerals assessed during acute
angiography lhan il was in patients withoul Ihem. Left venlricular aneurysm formalion has been found lo be less prevalent in
patients with well-developed collalerals after anlerior infarclion
(5). Other investigators have found that angiographie collaterals
are significantly associated wilh a reduclion in infarcÃ¬size,
independenl of myocardium at risk and lime to reperfusion
(4,19.21). However, not all instilutions can perform coronary
angiography during acute myocardial infarction, nor is it a
practical stralegy for patienls receiving thrombolylic Iherapy.
Consequently, a noninvasive method to assess residual flow lo
the jeopardized zone may be of value.
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FIGURE 7. A short-axis slice at midventricle (third slice)of a pig who underwent balloon occlusion of the left anterior descending (A). Pathologic slice stained
with TTC (left). The total amount of infarction for this particular slice was 23% of the slice (white region), and the total infarct size for the entire LV was 19%
LV. Ex situ 99mTc-sestamibi acquisition (center). In vivo tomographic "Tc-sestamibi
scan (right). The perfusion images show a large anterior and septal
defect at this level. The nadir value for the ex situ slice is 0.01 and the nadir of the in vivo tomographic slice is also 0.01. The total defect size for this animal
was 41 % of the LV by ex situ slices. Count profile curves from which the nadir values for the two perfusion images above were derived as well as tissue
sestamibi activity and myocardial blood flow by radiolabeled microspheres (B).

Limitations and Technical Aspects

Tomographic sestamibi activity within the risk zone overes
timated true myocardial blood flow in a small but consistent
manner. This is likely due to several factors. In contrast to
microspheres, which embolize and are entrapped within capil
laries, the extraction of sestamibi can differ between ischemie
and normal myocardium (17,22). Consequently, ischemie zones
may have a higher ratio of sestamibi to microsphere activity
than does normal myocardium, which appeared to be the case in
this study, as evidenced by the tissue analysis. It is also
conceivable that there is a small amount of redistribution of
99mTc-sestamibi into viable but previously ischemie tissue after
reperfusion. Several studies have reported small degrees of
redistribution of this agent in conjunction with stress studies
(23,24). This is a possible confounder in this study, particularly
in the dog model, in which the extent of necrosis was minimal,
thus providing more hypoperfused but viable myocardium to be
exposed to reperfusion flow. Prior animal studies examining
this specific issue, however, have found it is not significantly
important in models of reperfusion after prolonged occlusion
(25). Additionally, photon scatter and tomographic reconstruc
tion algorithms tend to "fill in" the nadir of a perfusion defect
compared to in vitro counting (26,27). This physical property

will impact on the tomographic measures by overestimating
99mTc-sestamibi activity within the defect. These factors com
bine to provide a small but consistent overestimation. However,
the relationship between the nadir and myocardial blood flow
was linear and quite close.
A correlate to the above discussion is the lack of inferior wall
risk zones in the study group. Because of the deeper location
within the thoracic cavity, inferior wall defects may be more
influenced by scatter than anterior defects and can be expected
to result in defects that appear less severe on this basis alone
(28). Alternatively, such defects tend to be more attenuated (and
therefore more severe) by overlying structures, so it is not clear
what the overall effect on defect severity would be. The area at
risk for inferior occlusion is markedly less than that for anterior
occlusion and would have introduced considerable variation in
the size of the area at risk (29,30). We have found in the clinical
setting, however, that inferior perfusion defects by this meth
odology tend to be less severe than anterior defects (4).
Microspheres were injected into the LV of the pig model
rather than into the left atrium. This was necessary due to the
difficulty in performing trans-septal catheterization in a closedchest pig. The slightly better correlation in the pig model
between 99mTc-sestamibi activity injected intravenously comMEASUREMENT
OF COLLATERAL
FLOWâ€¢
Christian et al.

1845

pared to the dog model argues against any significant streaming
effect during microsphere injection into the LV cavity. In
addition, a multibore pigtail catheter was used to facilitate
adequate mixing. The values for blood flow within the risk zone
during 40 min of occlusion are similar to those reported by
other investigators in a 40-min open-chest canine occlusion
model (0.12 ml-g~'min~') (31) and in a 45-min open-chest pig
occlusion model (0.04 ml-g~ 'min"') (32). Consequently, com

7. Sabia PJ. Powers ER. Rageosta M, Sarembock IJ. Burnell LR. Kaul SJ. An association
between collateral blood (low and myocardial viability in patients with recent
myocardial infarction. .V Engl J Med 1992:327:1825-1831.
8. Gibbons RJ. Holmes DR. Reeder GS. Bailey KK. Hopfenspirger MR, Gersh BJ. Im
mediate angioplasty compared with the administration of a thrombolytic agent
followed by conservative treatment for myocardial infarclion. N Engl J Med 1993;
328:685-691.
9. O'Connor MK. Dammeli TC. Gibbons RJ. In vitro validation of a simple tomographic
technique for estimation of percent myocardium "at risk" following administration of
Tc-99m isonitrile. Ear J NucÃ-Med 1990:17:69-76.
10. Christian TF. O'Connor MK. Glynn RB. Rogers PJ. Gibbons RJ. The influence of

pleteness of occlusion by a percutaneous method and the
mixing of the microspheres in the blood pool was likely present.
Although great care was taken in manually slicing the heart into
short-axis 1-cm slices, this was performed immediately after
removing the heart from the chest, so there was some variation
in slice thickness. However, in no case did such variability
cause a second perfusion defect during the ex situ imaging.

gating on measurements of myocardium at risk and infarcÃ¬size during acute
myocardial infarction by tomographic Tc-99m labeled seslamibi imaging. J NucÃCardiol 1995:2:207-216.
11. Domenech RJ. Hoffman JIE. Noble MIM. Saunders KB. Henson JR. Subijanto S.
Total and regional coronary blood flow measured by radioactive microsphere in
conscious and anesthetized dogs. Circ Res 1969:25:581 -596.
12. Buckberge GD. Luck JE. Payne DB. Hoffman JIE. Archie JP. Fixier DE. Some sources
of error in measuring blood flow with radioactive microspheres. J Appi Phvsiol
1971;31:598-604.
13. Sinusas AJ. Trautman KA. Bergin JD. et al. Quantification of "area at risk" during

CONCLUSION

Residual blood flow is an independent determinant of infarcÃ¬
size in the animal laboratory but has been difficult to quantify
in the clinical setting of acute myocardial infarction. The ability
of significant degrees of collateral flow to extend the time
window for the benefit of reperfusion after coronary occlusion
has been demonstrated in animal-based studies (2,3). Such
studies have shown that a random over-representation of sub
jects with high collateral flow during coronary occlusion can
provide erroneous conclusions as to the efficacy of a reperfusion strategy (/). This technique has previously been shown to
be clinically feasible and to provide independent information on
final infarcÃ¬size in patients irealed wilh reperfusion Iherapy (4).
With a reliable melhod lo assess collateral flow, it is conceiv
able that clinical decisions regarding the administralion of
reperfusion therapy for patients who present wilh acute myo
cardial infarclion eilher lale or with relative contraindicalions lo
such therapy can be facililaled. More relevanl lo Ihe design of
this sludy, an accurate measure lo eslimate collateral flow
during coronary occlusion but acquired after the administralion
of reperfusion Iherapy can be incorporaled inlo clinical trials
along with myocardium at risk and time to reperfusion mea
sures to compare the efficacy of therapeulic slralegies for acule
infarclion (4,33). Prospeclive clinical Irials are necessary to
determine whether such measures can provide insight inlo Ihe
variability in oulcome in acule myocardial infarclion.
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