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INTRODUCTION

IN PATIENTS with chronic coronary artery disease (CAD)
and impaired left ventricular (LV) function, the distinc-
tion between ventricular dysfunction arising from myo-
cardial fibrosis and ischemic, but viable, myocardium has
important clinical implications because viable myocar-
dium may show functional recovery after revascularization,
with improvement in ejection fraction and, as reported, in
survival.1–4 Improvement of function after revascular-
ization is still considered the gold standard for viability
assessment. Dysfunctional but viable myocardium has
different characteristics including intact perfusion, cell
membrane integrity, intact mitochondria, preserved glu-
cose and (possibly) fatty acid metabolism, and contractile

reserve.5 Among the noninvasive techniques for dif-
ferentiating viable from nonviable myocardium and for
identifying zones with reversible dysfunction using these
characteristics, echocardiography with low dose
dobutamine infusion (LDDE) and radionuclide methods
using single photon emitters have gained widespread
acceptance.

Myocardial perfusion imaging (MPI) with single pho-
ton emission computed tomography (SPECT) using ei-
ther 201Tl or 99mTc-sestamibi is an excellent technique for
viability assessment. Quantitative demonstration of >50%
(or >60%) uptake of these tracers in an area of severe
myocardial asynergy is reflective of viability.6 Thallium-
201 is the imaging agent most often used with SPECT
imaging for determination of myocardial viability. Com-
pared with 201Tl, 99mTc-sestamibi emits higher energy
photons (140 keV), and the shorter half life of 99mTc
allows the administration of a higher dosage. A higher
dose and energy result in better count statistics in the
images and better image quality. Although earlier studies
indicate that 201Tl cardiac imaging with rest reinjection is
superior to 99mTc-sestamibi myocardial scintigraphy in
identifying viable myocardium,7,8 a substantial body of
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protocols were performed. In one patient who was re-
ferred for myocardial viability and additional ischemia
assessment because of the known presence of critical
coronary artery stenosis and LV dysfunction, MPI was
found to be completely normal, and then excluded from
the study. In 22 patients, MPI studies were performed
using the gated SPECT technique. Within the same week
of the MPI study, either LDDE (19 patients, dobutamine
was infused at doses of 5 and 10 micrograms/kg/min) or
resting echocardiography (5 patients) was performed. In
LDDE, viable myocardium was considered as abnormal
wall motion at rest with progressive increase in wall
thickening and contractility during dobutamine infusion.
Patients with unstable angina pectoris, recent myocardial
infarction, important valvular disease, serious arrhyth-
mia, end-stage extra-cardiac disease, and congestive heart
failure were excluded. Standard two-day stress-rest MPI
and rest MPI studies were performed using 750–950 MBq
99mTc-sestamibi. SPECT or, if possible, gated-SPECT
images were acquired with a dual-head gamma camera
(Millennium VG, GE Medical Systems) equipped with
low energy-high resolution collimators. On the following
day, the same dose of 99mTc-sestamibi in 100 ml was
infused over 45 minutes using a constant infusion pump
under resting conditions, and imaging was performed 45
minutes after completion of the infusion. Reconstruction,
processing and interpretations were performed by two
experienced independent Nuclear Medicine physicians.
Oblique slices, bull’s-eye plots, gated slices and quantita-
tive gated processed data were analyzed. Special attention
was paid to possible artifacts and attenuations. Data
analysis was performed using a 9-segment model, and
segmental perfusion was graded using a semi-quantita-
tive five-point system (0 = normal uptake, 1 = mildly
reduced tracer uptake, 2 = moderately reduced uptake, 3

evidence now indicates that 99mTc-sestamibi may also be
a good viability marker.9,10 Fixed defects with severely
decreased tracer activity on a standard stress/rest 99mTc-
sestamibi scintigraphy may indicate either scar or viable
tissue in which blood flow is severely impaired and tracer
delivery is reduced. In this situation, interpretation of
scans may sometimes be difficult, even for experienced
physicians. In this study, we examined whether addition
of an extra 99mTc-sestamibi infusion study to the standard
myocardial perfusion study could provide extra informa-
tion regarding the fixed defects. The hypothesis was,
instead of standard bolus injection, prolonged infusion of
99mTc-sestamibi, hence extending the presence of the
radiopharmaceutical in the blood, might enhance its up-
take by severely ischemic but viable myocardial tissue,
and this may contribute to the interpretation of standard
myocardial perfusion scans with fixed defects.

MATERIALS AND METHODS

Thirty-six patients (one female, 35 males, mean [± SD]
age 56 ± 9 years, age range 37–74 years) with CAD and
left ventricular dysfunction (ejection fraction ≤45%) re-
ferred to us for viability and/or ischemia assessment were
studied. Table 1 shows the baseline characteristics of the
patient group. CAD was documented by coronary angi-
ography, previous myocardial infarction, or both. Left
ventricular dysfunction was detected by either contrast
ventriculography or by echocardiography. In 18 patients
standard two-day stress-rest followed by infusion and in
the remaining 19 patients only rest and infusion imaging

Table 1   Baseline characteristics of the patient group

Age (years) 56 ± 9
Male/Female 35/1
Diabetes mellitus 7 (19%)
Previous MI 27 (75%)
Angina pectoris   8 (22%)
Previous CABG*   3 (8%)
Two-vessel disease 12 (33%)
Three-vessel disease   7 (19%)
Resting LVEF** 34 ± 8%

*CABG: Coronary Artery Bypass Grafting; **LVEF: Left
Ventricular Ejection Fraction

Table 2   Relationship between perfusion improvement on
infusion study and perfusion defect severity

Uptake score
Uptake improvement on infusion study

No improvement* Partial* Remarkable*

2 31 28 3
3 48   5 5
4 14   0 0

*Number of segments.

Table 3   Relationship between uptake improvement on infusion
study and response to low dose dobutamine on a per patient basis

Uptake improvement
in infusion study

Response to low dose dobutamine

Viable Nonviable

Positive 5 1
Negative 5 8

Table 4   Relationship between regional uptake on conventional
MIBI rest study and response to low dose dobutamine on a per
patient basis

Uptake score
Response to low dose dobutamine

Viable Nonviable

2 1 3
3 7 5
4 1 2
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= severely reduced uptake, and 4 = absent uptake). In
gated SPECT evaluation, presence of systolic wall thick-
ening and/or inward wall motion were accepted as indica-
tive of the presence of myocardial viability.

All patients gave written informed consent before the
study protocol, which had been approved by the Institu-
tional Ethical Committee.

RESULTS

There were both reversible and fixed perfusion defects on
two-day studies in some patients. In this case, completely
reversible perfusion abnormalities were not taken into
account for this study. Of 324 segments analyzed, the
99mTc-sestamibi perfusion pattern at rest was normal in
190 segments (59%) and showed moderate (grade 2)
perfusion defects in 62 segments (19%), severe (grade 3)
defects in 58 segments (18%), and absent uptake (grade 4)
in 14 segments (4%).

Ninety-three segments (69% of 134 total resting perfu-
sion defects) in 19 patients (53% of 36 patients) showed
no improvement in infusion MPI. However, 33 segments
(25%) in 12 patients (33%) showed partial (Fig. 1-A), and
8 segments (6%) in 5 patients (14%) showed remarkable
(Fig. 1-B) radiopharmaceutical uptake improvement. Table
2 shows a detailed representation of the relationship
between segmental perfusion score and improvement on
infusion study. Briefly, 31 (50%) of the segments that had
moderately reduced uptake, and 10 (17%) of the segments
that had severely diminished uptake demonstrated either
partial or marked radiopharmaceutical uptake improve-

ment. None of the 14 segments that had shown absent
uptake improved with infusion imaging.

Among the 19 patients who had undergone LDDE, in
13 patients (68%) there was agreement between regional
uptake improvement on infusion study and response to
low dose dobutamine (Table 3). However, there was
lower agreement (10 of 19 patients [53%]) between the
LDDE and conventional rest MIBI results, even when
severely diminished MIBI uptake areas were regarded as
viable (Table 4). There was also concordance in 5 patients
between resting echocardiography and regional perfusion
on infusion study.

DISCUSSION

Interpretation of myocardial perfusion scans with moder-
ate or severe fixed, or resting, perfusion defects some-
times can be difficult because not all fixed perfusion
defects indicate scar tissue. Perfusion-scan fixed defects
may result from soft tissue attenuation. Because most
(91%) fixed defects with normal systolic function oc-
curred in women with anterior fixed defects (48%) or men
with inferior fixed defects (43%), these were most likely
attenuation artifacts.11 Therefore, we carefully examined
both raw and processed data, and used, when needed,
techniques such as prone acquisition, gating, and breast
elevation to eliminate such technical artifacts. Because an
artifactual defect would show normal contraction (wall
motion or thickening) on a gated image, artifacts can be
differentiated from a true infarct.12 In addition to differen-
tiation of fixed defects, ECG gating of images provides
additional information on function and may potentially
enhance accuracy to detect viable myocardium.13  Whereas
preservation of function is clearly proof of viability,
absence of function does not necessarily indicate absence
of viability. This is because chronically ischemic myocar-
dium may have greatly reduced or absent systolic func-
tion.12 On the other hand, interpretation of systolic wall
motion or thickening in segments with severely reduced
perfusion can sometimes be impossible because it is
difficult to differentiate passive movement from active
contraction. In this situation, demonstration of augmenta-
tion of resting radiopharmaceutical uptake with time, like
in the case of the present study or 201Tl redistribution, may
be more valuable.

In a total of 17 patients (47%), we were able to demon-
strate either partial or prominent radiopharmaceutical
uptake improvement in infusion MPI studies. This finding
supports our hypothesis that under low flow condition,
ischemic but viable myocardial tissue may demonstrate
higher uptake in the extended presence of radiopharma-
ceutical in the blood than in single bolus injection. The
likely explanation for various different degrees of radio-
pharmaceutical uptake improvement could probably be
the various amounts of viable myocytes in different seg-
ments. A couple of reports have appeared in the medical

Fig. 1   Examples of radiopharmaceutical uptake enhancement
after prolonged infusion of 99mTc-sestamibi.
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literature with regard to the use of infusion MPI in patients
with CAD.14–17 In a study comparing the results of 201Tl
reinjection and 99mTc-sestamibi infusion, concordant re-
sults were observed in 22 of 25 patients, and the authors
concluded that 99mTc-sestamibi infusion might provide
information about the presence of viable myocardium.15

Similar to our findings, they observed enhanced radio-
pharmaceutical uptake on infusion studies in 13 cases
(52%).

Of the 19 patients who underwent LDDE, 13 (68%)
studies showed concordance between the presence or
absence of regional uptake augmentation on infusion
studies and the presence or absence of contractile reserve
on LDDE studies. Some discrepancies can be observed
between MPI and LDDE because nuclear techniques
(201Tl or 18F-fluorodeoxyglucose positron emission to-
mography) have higher sensitivity and negative predic-
tive value, and dobutamine echocardiography has higher
specificity and positive predictive value, with post-
revascularization improvement in ventricular function
used as the judging standard.18 This may be due to both
methodological differences and the amount of viable
myocytes in that region because more viable cells were
found to be required for a segment to exhibit viability by
stress echocardiography than by radionuclide imaging
techniques.19,20

It is generally accepted that dysfunctional segments
with tracer uptake higher than 50–60% of maximal 99mTc-
sestamibi uptake are considered viable.21 These values
correspond to grades 1 and 2 of our five-point semi-
quantitative evaluation scale. However, we preferred to
include patients with grade 3 (severe) perfusion defects on
standard resting MIBI for this comparison because using
lower (35%) threshold values in the attenuation regions
99mTc-sestamibi has been reported to show higher posi-
tive and negative predictive value for improvement of left
ventricular function.22 Comparison of LDDE and con-
ventional rest MIBI studies including the patients with
grade 2 and 3 perfusion abnormalities showed lower
agreement than that between LDDE and infusion studies.

Our study suggests that in patients with moderate or
severe fixed or resting perfusion abnormalities on stan-
dard 99mTc-sestamibi MPI studies, an extra imaging with
prolonged infusion of 99mTc-sestamibi may provide
complementary information to the conventional scintig-
raphy with respect to myocardial viability. Additional
large-scale studies are warranted to determine the efficacy
of this technique.
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