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Myocardial contractile reserve and resting perfusion scintigra-
phy provide independent information to assess myocardial via-
bility. The purpose of this study was to simultaneously evaluate
both with 99mTc-sestamibi SPECT and low-dose dobutamine in
canine stunning and subendocardial infarction (SEMI). Meth-
ods: Eighteen dogs were included in the study: 7 normal, 7
stunned, and 4 with SEMI. Closed-chest stunning and SEMI
were produced by angioplasty balloon occlusion of the left
anterior descending artery (20 and 90 min, respectively). Sub-
sequent radiolabeled mircospheres confirmed reflow, and
99mTc-sestamibi was then administered at rest. Gated SPECT
and MRI tagging were performed at rest and during low-dose
dobutamine infusion (5 �g/kg/min). SPECT systolic wall thick-
ening index (SWI) and MRI radial strain quantified myocardial
contraction. Postmortem 2,3,5-triphenyltetrazolium chloride
staining quantified SEMI. Results: Defect severity by SPECT in
the anterior wall was mild and was not statistically different for
the stunned versus SEMI groups (P � not significant). At rest,
anterior wall SPECT SWI was significantly higher in the normal
versus stunned groups (21.1 � 3.1 vs. 10.1 � 9.0; P � 0.0002)
and the normal versus SEMI groups (21.1 � 3.1 vs. 2.6 � 6.0;
P � 0.000002). With low-dose dobutamine, SWI increased sig-
nificantly compared with rest for the stunned group (29.1 � 10.4
vs. 10.1 � 9.0; P � 0.000007) but did not increase significantly
for the SEMI group (11.0 � 11.3 vs. 2.6 � 6.0; P � 0.09); SWI
during low-dose dobutamine infusion for the stunned group was
comparable to that for the normal group (29.1 � 10.4 vs. 28.2 �
7.0; P � 0.80). SWI also showed correlation with MRI radial
strain (r � 0.42; P � 0.00015). Conclusion: Defect severity for
stunned myocardium and SEMI was mild and was not signifi-
cantly different. Contractile reserve was significantly different in
stunned myocardium and SEMI. 99mTc-Sestamibi SPECT at rest
and with low-dose dobutamine is a promising new technique to
simultaneously assess myocardial perfusion and contractile re-
serve.
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Myocardial viability, defined as improvement in wall
motion after revascularization, may be assessed by tech-
niques indicating myocyte cell membrane integrity or myo-
cardial contractile reserve. Maintenance of cell membrane
integrity may be assessed through metabolic processes in-
cluding Na�-K� adenosinetriphosphatase activity, an intact
electrochemical gradient across the cell membrane, or pres-
ervation of fatty acid or glucose metabolism as defined by
radiotracer techniques (201Tl chloride, 99mTc-sestamibi, 123I-
�-methyl-p-iodophenylpentadecanoic acid, 18F-FDG PET).
These radiotracer techniques, which evaluate whether via-
ble myocytes are present, may also overestimate functional
recovery after revascularization because of myocardial fi-
brosis (1–5). A potential disadvantage of radiotracer tech-
niques is the limited spatial resolution in which mild sever-
ity defects attributed to subendocardial infarction (SEMI)
may be difficult to distinguish from stunned or hibernating
myocardium.

Other techniques that evaluate myocardial contractile re-
serve, such as dobutamine echocardiography, have high
positive predictive value for functional improvement but
may underestimate viability if coronary flow reserve is
impaired (3–5). Without an adequate coronary flow reserve,
the contractile response may be decreased or absent, and
such a territory could potentially be misclassified as nonvi-
able (6). Although a biphasic response of initial improve-
ment followed by worsening contractility shows high spec-
ificity for viability, this response has a relatively low
sensitivity (3–5). In the absence of contractile reserve, but in
the presence of resting perfusion radiotracer uptake, the
demonstration of ischemia by perfusion scintigraphy could
further identify regions that may represent viable myocar-
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dium. Perfusion scintigraphy, when used as a conventional
stress and rest comparison study to assess coronary flow
reserve, may identify viable myocardium by delineating
areas of myocardial ischemia (7).

When combining indices of coronary flow reserve with
cellular viability by perfusion scintigraphy, the positive and
negative predictive values have been reported to be highest
when both criteria are concordant (8). Echocardiographic
coronary flow reserve and cellular viability data are also
most predictive when these criteria are concordant (9).
Thus, the complementary data derived from myocyte mem-
brane integrity, myocardial contractile reserve, and coro-
nary flow reserve may better identify viable myocardium
than any single test alone.

99mTc-Sestamibi is a single photon tracer that permits the
assessment of myocyte membrane integrity as well as the
potential to assess contractile reserve. Its ability to assess
coronary flow reserve, as a conventional stress and rest
perfusion scintigraphic study, is well established. The pur-
pose of this study was to characterize measurements of
myocyte membrane integrity and contractile reserve in a
canine model of stunning and SEMI to evaluate the poten-
tial of this new technique to identify viable myocardium.

MATERIALS AND METHODS

Animal Preparation
All animal studies were approved by the Institutional Animal

Care and Use Committee and adhered to the American Veterinary
Medical Association guidelines. Twenty mongrel dogs (22–25 kg)
were fasted and then sedated (intramuscular atropine, 0.05 mg/kg;
xylazine, 2.5 mg/kg; and ketamine, 5 mg/kg), intubated, and
placed under general inhalation anesthesia (1%–2% isoflurane).
Seven dogs were normal controls and 7 underwent stunning. In the
SEMI group, only 4 of 6 were included in the analysis because of
a large transmural myocardial infarction in 1 dog and a nonreper-
fused infarction in another.

For coronary artery occlusion, an angioplasty balloon catheter
(Cordis, Diamond Bar, CA) was guided by fluoroscopy into the
proximal left anterior descending coronary artery (LAD). The
balloon was inflated for 20 min and subsequently removed to
produce stunning; a longer time (90 min) of occlusion followed by
reperfusion was used to produce SEMI. Standard radiolabeled
microsphere techniques measured myocardial blood flow at base-
line, during occlusion, and 15 min after reperfusion. Lidocaine (1
mg/kg/min) was administered to minimize arrhythmias, and 5,000
IU heparin were given intravenously to minimize thrombosis.
After balloon deflation and reflow, monitoring was performed for
cardiac arrhythmias and hypotension for at least 15 min. After
stabilization and transfer from the catheterization laboratory to the
imaging suite, 99mTc-sestamibi (27.75–37 MBq/kg [0.75–1.0 mCi/
kg]) was administered intravenously.

MRI Acquisition
A 1.5-T MR scanner (General Electric Medical Systems, Mil-

waukee, WI) was used with a phased-array transmit–receive sur-
face coil. Multiphase, short-axis, and long-axis tagged images
were obtained using a cardiac-gated, breathhold segmented k-
space fast spoiled gradient-echo pulse sequence: repetition time/

echo time � 6.2/1.2 ms; 12° flip angle; 128 � 256 matrix inter-
polated to 256 � 256; 7- to 10-mm slice thickness; 28-cm field of
view; 1 to 2 signal averages; 4–8 k-space lines per segment; 6 mm
tag-to-tag spacing; and 32-kHz bandwidth. A 2-dimensional tag-
ging grid was used in the short-axis images and 1-dimensional
grids were used in the long axes. Afterward, dobutamine (5 �g/
kg/min intravenously) was infused continuously and the imaging
sequences were repeated.

SPECT Acquisition
Gated SPECT was acquired on a 3-detector system (Triad;

Trionix, Twinsburg, OH) in a 64 � 64 matrix, pixel size � 0.36
cm3 per voxel, with projection data acquired at each 3° over a 360°
rotation. Gating was acquired in 8 time frames per cardiac cycle
with 40–60 beats per projection. The acquisition was then re-
peated during infusion of low-dose dobutamine (5 �g/kg/min).
Images were reconstructed with 360° data and filtered backprojec-
tion with a low-pass Hanning filter (4.0 rolloff) cutoff frequency of
0.45 cycle/cm (0.65 cycle/cm for nongated data). The 360° recon-
struction was used to decrease any potential variability caused by
the more midline orientation of the canine left ventricular myo-
cardium. No scatter correction or attenuation correction was ap-
plied. The nongated SPECT was generated by summing all 8
raw-time projection data followed by filtered backprojection re-
construction. MRI and SPECT images were acquired in a random
order. All imaging of myocardial stunning was performed within
the first hours of myocardial stunning.

Ex Vivo Validation
After each animal was euthanized, the heart was excised and

sectioned along the short axis. Within 6 h of reperfusion, tissue
was incubated in 2% 2,3,5-triphenyltetrazolium chloride (TTC) for
20 min at 37°C and then photographed with a digital camera for
analysis. The area of SEMI was defined as the nonstaining region
with TTC. After formalin fixation, sectioning, and weighing, sam-
ples were counted in a �-emission well spectrometer (model 5986;
Hewlett Packard, Andover, MA) along with reference blood sam-
ples. Regional myocardial blood flow was calculated using stan-
dard techniques (10).

MRI Analysis
The MRI tag lines were first detected and tracked. From these,

3-dimensional motion and strains were calculated using a field-
fitting technique (11). The 3-dimensional strains were determined
on a regional basis (12) at rest and during dobutamine infusion.
The midwall systolic radial normal (or radial thickening) strains
were compared with their corresponding regions in the gated
SPECT studies.

SPECT Analysis
SPECT defect severity was obtained with circumferential pro-

files in the short-axis view at the midventricular level. Myocardial
activity was normalized to the anterolateral wall because of vary-
ing degrees of high liver activity. Defect severity was defined as
the percentage of this normalized activity. Systolic wall thickening
index (SWI) was calculated as SWI � (end systole � end diasto-
le)/end systolemax � 100, where end systolemax is defined as the
maximum count activity of the 8 time-frame gated volume dataset
(the anterolateral wall intensity in end systole at 135°). Our defi-
nition of SWI with end systolemax in the denominator differs from
that of earlier authors (13), who use the end-diastolic value. The
rationale in using a single maximum value for normalization of
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count intensity includes (a) avoidance of a region-specific end-
diastolic value in the denominator, which eliminates the tendency
of SWI to be relatively increased in regions of defects (i.e., in
defects, the lower end-diastolic value in the denominator increases
the overall SWI compared with using a higher single end systolemax

for all SWI measurements); (b) SWI in normal remote areas and
SWI in normal controls is more meaningful for comparison pur-
poses with abnormal (stunned or infarcted); and (c) use of a
maximum count intensity decreases the variability in the measure-
ment because it is less subjective compared with other methods
that may use different criteria for choosing a single end-diastolic
value.

For wall motion comparisons, gated MRI and gated SPECT
short-axis data were reoriented by visual alignment of the septum,
right ventricle, base, and apex. The most basal SPECT slices were
excluded from SWI analysis because of the normal decreased
activity of the basal septal region. The 0° angle was defined as the
midinferior wall, the 90° angle was defined as the lateral wall, and
the 180° angle was defined as the midanterior wall.

Infarct Quantification
Digital images of TTC-stained short-axis slices were analyzed

with a Scion Image software package (Scion Corp., Frederick,
MD). For each slice, regions of interest were drawn to define the
entire left ventricular area and the infarct area. The percentage of
infarcted area (%MI) was calculated by dividing the infarcted area
by the corresponding short-axis area. The %MI was used for
correlation analysis with the corresponding SWI values.

Statistical Analysis
Continuous data were expressed as mean � 1 SD. Statistical

comparisons for significant differences between groups (normal,
stunned, and SEMI) were evaluated with the 2-tailed Student t test.
Comparisons within groups were evaluated with the paired 2-sam-
ple Student t test. Simple linear regression analysis was used for
correlations of MRI radial strain with SPECT SWI and for corre-
lations of %MI with SWI values.

RESULTS

Defect Severity
Overall, the average defect severity was mild for stunned

(n � 7) and SEMI (n � 4) groups; both groups showed

considerable overlap when compared with the normal (n �
7) group. This was true for nongated, gated end-diastolic,
and gated end-systolic images. Table 1 summarizes defect
severity in nongated and gated images at baseline and with
dobutamine for all groups. Figure 1 shows a comparison of
the mean defect severity in each group.

Defect severity was similar for the stunned group com-
pared with the SEMI group and no statistically significant
differences were found. No significant differences were
found in the stunned group versus the SEMI group in non-
gated baseline (P � 0.78), nongated dobutamine (P � 0.40),
gated end-diastolic baseline (P � 0.64), gated end-systolic
baseline (P � 0.84), gated end-diastolic dobutamine (P �
0.82), and gated end-systolic dobutamine (P � 0.29).

In the stunned group, defect severity compared with the
normal group was statistically different in resting gated
end-systolic images only (P 	 0.03). No significant differ-
ences were found between the stunned and normal groups
for nongated baseline (P � 0.27), nongated dobutamine
(P � 0.50), gated end-diastolic baseline (P � 0.30), gated
end-diastolic dobutamine (P � 0.70), and gated end-systolic
dobutamine (P � 0.29).

In the SEMI group, defect severity compared with that of
the normal group was statistically different only on resting
gated end-systolic images (P 	 0.05). No significant differ-
ences were found between SEMI and normal for nongated
baseline (P � 0.31), nongated dobutamine (P � 0.23),
gated end-diastolic baseline (P � 0.27), gated end-diastolic
dobutamine (P � 0.51), and gated end-systolic dobutamine
(P � 0.36).

Gated Wall Motion–SWI
In all stunning and infarction cases, the resting tagged

MRI showed decreased myocardial strain in the regions
subtended by the occluded LAD. The results for SWI are
summarized in the Tables 2 and 3. The SWI at rest and
during dobutamine infusion for all groups is summarized in
Figure 2. At baseline, SWI in the anterior wall was signif-
icantly higher for the normal group compared with that of

TABLE 1
Defect Severity: Anterior Wall

Group

Nongated Rest Dobutamine

Rest Dobutamine End diastolic End systolic* End diastolic End systolic

Normal 95.2 � 14.3 96.8 � 8.8 95.6 � 10.3 98.3 � 8.6 99.0 � 12.7 98.0 � 5.1
(80.5–115.2) (84.1–111.1) (82.01–110.6) (87.1–110.6) (82.0–113.3) (91.5–104.4)

Stunned 88.1 � 7.6 93.9 � 6.7 90.8 � 6.0 89.4 � 4.2 92.5 � 8.8 99.2 � 6.6
(75.9–97.8) (83.7–102.1) (82.8–102.4) (85.2–97.6) (79.3–107.4) (88.8–106.8)

SEMI 90.4 � 6.4 91.9 � 2.7 89.2 � 3.4 89.9 � 3.6 93.9 � 10.9 95.3 � 2.3
(82.0–96.3) (89.5–95.2) (86.1–93.3) (85.9–94.3) (78.6–104.0) (92.3–97.3)

*At rest in end systole: normal vs. stunned (98.3 � 8.6 vs. 89.4 � 4.2; P 	 0.03) and normal vs. SEMI (98.3 � 8.6 vs. 89.9 � 3.6; P 	
0.05) were significantly different. All other comparisons of defect severity between groups did not reach statistical significance (P � not
significant).

Data are expressed as mean � 1 SD with range in parentheses.
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the stunned group (P � 0.0002); SWI was also higher for
the normal group compared with that of the SEMI group
(P � 0.000002). At baseline, the mean SWI for the stunned
group was higher than that for the SEMI group (P � 0.03).

During dobutamine infusion, the SWI was significantly
higher in the normal group compared with that of the SEMI
group (P � 0.003); the SWI was also significantly higher in
the stunned group compared with that of the SEMI group
(P � 0.002 ). The SWI during dobutamine infusion was not
significantly different in the normal group compared with
that of the stunned group (P � 0.80).

During dobutamine infusion, the SWI in the normal
group increased significantly compared with that of the
baseline group (P � 0.003); the SWI for the stunned group
also increased significantly compared with that of the base-
line group (P � 0.000007). However, during dobutamine
infusion, the SWI for the SEMI group did not increase
significantly (P � 0.09). The mean increase in SWI after
dobutamine infusion for the stunned group was significantly
greater than that for the SEMI group (P � 0.05). The mean
increase in SWI after dobutamine infusion was also signif-
icantly greater for the stunned group compared with that of
the normal group (P � 0.001).

Examples of short-axis midventricular SPECT images
and data analysis are shown for the normal, stunned, and

SEMI groups in Figures 3, 4, and 5, respectively. The
anterior wall is in the 180° orientation. High liver activity is
present in the regions of 0° and 360° and limits the inter-
pretation of SWI in this region.

Correlation of SWI with MRI Radial Strain
The SWI measurements by SPECT correlated with MRI

radial strain measurements in the anterior (r � 0.5; P �
0.009) and anterolateral (r � 0.44; P � 0.02) walls. The
measurements in the septum correlated poorly with MRI
radial strain (r � 0.26; P � not significant) The inferior and
inferolateral areas could not be quantified by SPECT be-
cause of the high and variable liver activity. Figure 6 shows
the overall correlation of SWI determined from SPECT with
MRI radial strain in the anterior and anterolateral walls. In
all cases of stunning and SEMI, the resting tagged MRI
showed decreased myocardial strain in the regions sub-
tended by the occluded LAD. With dobutamine loading,
recruitable myocardial function was shown on a segmental
basis in the LAD bed of stunned animals. By contrast,
recruitable myocardium could not be found in subendocar-
dial infarcted myocardium.

FIGURE 1. Defect severity in nongated
and gated end-diastolic and gated end-
systolic tomographic images. Asterisk indi-
cates significant differences in resting end-
systolic images: normal vs. stunned (P 	
0.03) and normal vs. myocardial infarction
(P 	 0.05).

TABLE 2
SWI (%): Contractile Reserve

Group Rest Dobutamine Change P

Normal 21.1 � 3.1 28.2 � 7.0 6.1 � 5.8 0.003
(20.1–25.2) (16.1–40.5) (�4.4–15.3)

Stunned 10.1 � 9.0 29.1 � 10.4 18.9 � 9.9 0.000007
(�1.4–25.8) (12.5–37.8) (6.6–38.5)

SEMI 2.6 � 6.0 11.0 � 11.3 6.9 � 12.5 0.11
(�6.5–10.5) (�1.9–26.4) (�6.7–25.1)

Data are expressed as mean � 1 SD with range in parentheses.

TABLE 3
SWI (%): Comparisons Between Groups

Group P

Rest
Normal vs. stunned 21.1 � 3.1 10.1 � 9.0 0.0002
Normal vs. SEMI 21.1 � 3.1 2.6 � 6.0 	0.000001
Stunned vs. SEMI 10.1 � 9.0 2.6 � 6.0 0.046

Dobutamine
Normal vs. stunned 28.2 � 7.0 29.1 � 10.4 0.93
Normal vs. SEMI 28.2 � 7.0 11.0 � 11.3 0.0007
Stunned vs. SEMI 29.1 � 10.4 11.0 � 11.3 0.001

Data are expressed as mean � 1 SD.
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Correlation of SWI and Defect Severity with Infarct
Size by TTC

The mean size of the SEMI %MI was 7.2% � 2.2%
(range, 4.37%–9.09%; n � 4). No significant correlation
was found between percentage of infarct size and SWI at
rest (%MI � 0.214 � (rest SWI) � 6.2031; r2 � 0.5429; P �
not significant) or during dobutamine infusion (%MI �
�0.1285 � (SWI dobutamine) � 8.6235; r2 � 0.6341;
P � not significant). A trend of linear inverse correlation of
average infarct size versus change in SWI was seen with
dobutamine (%MI � �0.1271 � (SWI dobutamine � SWI
rest) � 8.0036; r2� 0.9497; P � 0.03). No significant
correlations were found between infarct size and defect
severity at rest (%MI � 0.0112 � (defect severity) � 6.2045;
r2 � 0.001; P � not significant) and between infarct size
and defect severity during dobutamine infusion (%MI �
0.6808 � (defect severity) � 55.343; r2 � 0.705; P � not
significant).

DISCUSSION

In patients with coronary artery disease and left ventric-
ular dysfunction, myocardial viability assessment is an im-
portant prognostic determinant of postoperative functional
improvement, future ischemic events, and cardiac mortality
(14–16). Several studies have shown good results for via-
bility measurement techniques that evaluate myocyte mem-
brane integrity or contractile reserve. In a comparison of
both approaches, the presence of resting perfusion has
shown a higher sensitivity but a lower specificity for im-
provement in wall motion after revascularization compared
with techniques that evaluate contractile reserve (3–5,17,18).
Although the individual test sensitivity and specificity can be
altered by changing the threshold for defining criteria, the
highest positive and negative predictive values have been ob-
tained when information from both criteria are concordant
(8,9), suggesting that the combination of techniques may be
more accurate than a single test alone.

Mild defects on scintigraphy may be a result of myocar-
dial stunning, SEMI, a true decrease in resting perfusion, or

an imaging artifact. In this study, resting perfusion was
restored after myocardial reflow that was subsequently con-
firmed by using radioactive microspheres. Akinesis or hy-
pokinesis in stunned myocardium with less than normal
wall thickening may result in a lower detected SPECT
activity because of the partial-volume effect (19). Mild
defects from stunned or hibernating myocardium may be
difficult to distinguish from SEMI with fibrosis on the basis
of resting perfusion scintigraphy (4,7,8). In addition, several
other imaging factors influence defect severity. Photon at-
tenuation has also been implicated as a cause of lower
accuracy in assessing viability, especially in the inferior
wall (20,21). Conversely, limited spatial and temporal res-
olution, translational and rotational motion during myocar-
dial contraction, and respiratory motion may result in un-
derestimation of defect severity.

Because defect severity may be influenced by differences
in the partial-volume effect attributed to wall motion abnor-
malities, this study examined defect severity in end diastole,
in end systole, and on the nongated images at rest and
during dobutamine infusion. In these canine models of
stunning and SEMI, mild severity defects were present on
gated and nongated images. The only statistically significant
differences in defect severity occurred at rest during end
systole when comparing normal versus stunned groups and
normal versus SEMI groups. Because the highest detected
counts in normally contracting segments occur in end sys-
tole, the highest contrast between normal and abnormal
segments also occurs at end systole. The absence of a
significant difference during dobutamine infusion could be
caused by cardiac motion and limited temporal resolution.
Also, the mean percentage of the midventricular slice with
SEMI was approximately 7%; therefore, the total extent of
infarction was relatively small. Overall, mild severity de-
fects were present in SEMIs and stunned myocardium, and
the difference in defect severity was not statistically signif-
icant.

These findings are in agreement with the clinical obser-
vation that not all mild-to-moderate severity resting scinti-
graphic defects will improve with revascularization. A
SEMI resulting in a mild severity resting perfusion defect is
less likely to improve after revascularization. A previous
study showed only 33% improvement in wall motion in
mild-to-moderate severity irreversible defects in patients
compared with an 83% recovery in those that showed
reversibility by 201T1 exercise-redistribution-reinjection
SPECT scintigraphy (7). Although both groups showed a
similar defect severity, resting thallium defect by quantifi-
cation, an improvement in wall motion after revasculariza-
tion was less likely without evidence of concurrent ische-
mia. This observation supports the hypothesis that mild
resting severity defects may be present in SEMIs, in areas of
viability that may be stunned and showing incomplete re-
distribution, or in hibernating myocardium.

When defining myocardial viability on the basis of im-
provement in wall motion after revascularization, resting

FIGURE 2. SWI at baseline and during dobutamine infusion.
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FIGURE 3. Normal (healthy) control. (A) Short-axis midventricular SPECT slices. (Top) Resting end-diastolic (left) and resting
end-systolic (right) images. (Bottom) Dobutamine end-diastolic (left) and dobutamine end-systolic (right) images. (B) SPECT
analysis. (Top) Circumferential profiles of midventricular short-axis slice at rest (left) and during dobutamine infusion (right). (Bottom)
Percentage SWI at rest and during dobutamine infusion.
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FIGURE 4. Stunned myocardium. (A) Short-axis midventricular SPECT slices. (Top) Resting end-diastolic (left) and resting
end-systolic (right) images. (Bottom) Dobutamine end-diastolic (left) and dobutamine end-systolic (right) images. (B) SPECT
analysis. (Top) Circumferential profiles of midventricular short-axis slice at rest (left) and during dobutamine infusion (right). (Bottom)
Percentage SWI at rest and during dobutamine infusion.
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FIGURE 5. SEMI. (A) Short-axis midventricular SPECT slices. (Top) Resting end-diastolic (left) and resting end-systolic (right)
images. (Bottom) Dobutamine end-diastolic (left) and dobutamine end-systolic (right) images. (B) SPECT analysis. (Top) Circum-
ferential profiles of midventricular short-axis slice at rest (left) and during dobutamine infusion (right). (Bottom) Percentage SWI at
rest and during dobutamine infusion.
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perfusion defect severity by scintigraphy has shown corre-
lation with residual viable myocardium as quantified with
201Tl or 99mTc-sestamibi SPECT (22,23). In a study of pa-
tients with chronic coronary artery disease who had myo-
cardial biopsies during revascularization, the percentage of
fibrosis showed an inverse correlation with resting 99mTc-
sestamibi perfusion scintigraphy; however, even at the op-
timal threshold value for defect severity, the overall positive
and negative predictive values for improvement in wall
motion after revascularization were 75% and 60%, respec-
tively (20). Other studies show similar results (1–5).

A different approach to identify myocardial viability is
through evaluation of myocardial contractile reserve. Echo-
cardiography with low-dose dobutamine may identify via-
ble myocardium by showing an improvement in wall mo-
tion when compared with baseline function. In this study,
we have shown the feasibility of simultaneously assessing
perfusion and myocardial contractile reserve with gated
resting 99mTc-sestamibi scintigraphy and low-dose dobuta-
mine. Abnormal, significantly decreased wall thickening
was seen at rest in stunned and subendocardial infarcted
myocardium; however, during dobutamine stimulation, the
stunned myocardium showed a significantly greater im-
provement in wall thickening compared with that in SEMI.
Wall thickening in stunned myocardium during dobutamine
stimulation was not significantly different from that of the
normal group, as measured by SPECT SWI. Defect severity
and myocardial contractile reserve were assessed simulta-
neously; however, contractile reserve better distinguished
stunned myocardium from subendocardial infarcted myo-
cardium in this canine model. These findings are in agree-
ment with a previous study showing that nonviable myo-
cardium correlates with a decreased intropic response to
dobutamine (8).

Contractile reserve has shown a dependency on blood
flow at rest and during dobutamine stimulation (6). A re-
sidual coronary stenosis that limits hyperemic flow will
attenuate the contractile reserve response (22). On the basis

of these data, one hypothesis is that radiotracer rest perfu-
sion techniques may identify viable regions of preserved
blood flow (and also decreased coronary flow reserve if
combined with stress perfusion) that may not have contrac-
tile reserve by dobutamine stimulation and that complemen-
tary information regarding contractile reserve may better
distinguish stunned or hibernating myocardium from a de-
gree of SEMI that may not improve after revascularization
(if the territory is not ischemic). Myocardial ischemia, iden-
tified by conventional stress and rest perfusion scintigraphy,
is highly correlated with viability (7) and could potentially
identify viable myocardium without contractile reserve.

A previous study of gated SPECT wall thickening and
defect severity showed good sensitivity but limited speci-
ficity in predicting recovery of wall motion after revascu-
larization of the patients (24). The addition of gated SPECT
wall thickening did not significantly improve accuracy in
predicting functional recovery; however, comparison with
dobutamine gated SPECT to assess contractile reserve and
additional stress perfusion to evaluate coronary flow reserve
were not available. Gated FDG PET has also shown feasi-
bility of identifying viability and contractile reserve (25);
however, concomitant impairment of coronary flow reserve
was not studied. Another gated SPECT study that evaluated
patient resting 201T1 perfusion, redistribution 201T1, coro-
nary flow reserve, and contractile reserve (26) showed that
contractile reserve was sometimes absent in areas that were
defined as hibernating and viable by perfusion scintigraphy;
unfortunately, postoperative assessment of left ventricular
function was not available.

Gated 99mTc-sestamibi scintigraphy, at rest and during
low-dose dobutamine infusion, provides simultaneous eval-
uation of resting perfusion and contractile reserve. Coronary
flow reserve, an important correlate of myocardial viability,
can also be assessed if combined with a comparison stress
perfusion scintigraphic study. In addition to the advantages
of simplicity and efficiency, the exact 3-dimensional regis-
tration of perfusion and contractile reserve is likely to be

FIGURE 6. Correlation of SWI vs. MRI
radial strain in anterior and anterolateral
walls.
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more accurate than 2-dimensional planar methods (23). The
precise segmental characterization of coronary flow reserve,
contractile reserve, and resting blood flow may improve the
accuracy of identifying viable myocardium.

The SWI did not show a high correlation coefficient when
compared with radial strain measurements by MRI. The
SWI is derived from the relationship between the recovery
coefficient and object size. This relationship is not constant
over the range of possible myocardial wall thickness and,
therefore, more sophisticated algorithms would be required
for better correlations. The SPECT measurements of SWI
are computed from data acquired and averaged over approx-
imately 20 min; MRI radial strain is computed from analysis
during a single breathhold. Changes in contractile response
revealed by MRI or echocardiography may not be detected
by SPECT because of the prolonged acquisition time. The
sampling angle in SPECT analysis of SWI was also rela-
tively small; therefore, the region analyzed may be slightly
different in end systole compared with end diastole because
of myocardial translation and rotation during contraction.
This potential disadvantage was favored over the potential
for lower sensitivity attributed to lower spatial resolution
from a larger sampling angle. Finally, the registration of
myocardial segments was by visual orientation with respect
to the septum, right ventricle, apex, and base. More ad-
vanced registration techniques could improve these corre-
lations.

The small number of canine hearts with reperfused non-
transmural myocardial infarctions resulted in limited statis-
tical power for correlations with SWI in the infarction
group. This may contribute, in part, to the lack of correlation
of infarct size with SWI and also for the lack of correlation
of defect severity with infarct size; however, this sample
size was adequate to show the feasibility of this method and
to identify differences in SWI between the groups. This
canine model of stunning also differs significantly from
patients with viable myocardium supplied by a coronary
artery with a residual stenosis. Regions of decreased coro-
nary flow reserve may have a biphasic contractile response
or negative response to dobutamine; a comparison stress
myocardial perfusion study could potentially identify these
regions (7). More delayed imaging after radiotracer injec-
tion could improve the ability to assess the inferior and
inferolateral regions by allowing radiotracer clearance from
the liver similar to that performed in patient studies.

The method for quantifying defect severity may also have
limitations. Because the anterolateral region may be par-
tially perfused from the left anterior descending artery, the
defect severity may be underestimated because of normal-
izing from this region. This is an inherent difficulty in
SPECT quantification that may also be present in patient
studies. A single normalization region was chosen for con-
sistency but, unfortunately, the lateral, septal, and inferior
regions did not appear as better alternatives. Fortunately, the
TTC staining showed minimal amount of infarct that could
potentially extend into the anterolateral region.

CONCLUSION

Systolic wall thickening abnormalities may be quantified
with gated 99mTc-sestamibi and contractile reserve may be
assessed with low-dose dobutamine. Simultaneous assess-
ment of resting perfusion defect severity is also possible.
With dobutamine, stunned myocardium showed a signifi-
cant improvement in wall thickening compared with SEMI;
however, resting perfusion defect severity was not signifi-
cantly different between these groups. The identification of
viable myocardium in this model of stunning and SEMI was
improved by assessment of contractile reserve. Evaluation
of myocardial contractile reserve with resting 99mTc-sesta-
mibi scintigraphy and low-dose dobutamine is a promising
new technique to identify viable myocardium.
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