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INTRODUCTION

THE EXTENT of myocardial viability in patients with chronic
coronary artery disease (CAD), previous myocardial in-
farction (MI), and reduced left ventricular systolic func-
tion has both prognostic and therapeutic significance. Its
assessment is therefore important in the clinical treatment
of such patients, especially when a revascularization

procedure is being considered. Nevertheless, such vi-
able metabolically active but dysfunctional myocardium
represents an unstable substrate that is likely to lead to
ischemic events. Recent studies have repeatedly sug-
gested that Thallium (Tl)-201 imaging may be useful in
the prediction of functional recovery after revasculari-
zation.1–5 It has also been demonstrated that the presence
of hypoperfused but viable myocardium at Tl-201 scin-
tigraphy is a powerful predictor of subsequent cardiac
events and gives incremental prognostic information in
patients with chronic CAD. In addition, previous data
acquired with rest Tl-201 scintigraphy or myocardial
fatty acid metabolism imaging by iodine-123-labeled 15-
p-iodephenyl-3 (R,S)-methylpentadecanoic acid (BMIPP)
indicate that improvement in global LV systolic function
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is related to the anatomical extent of myocardial viability,
as assessed preoperatively.6–12 But, to date, there are no
reports on the influence of the amount of perfusion-
metabolic mismatch between Tl-201 and BMIPP uptake
on long-term prognosis of revascularized patients with
CAD and left ventricular dysfunction. Because left ven-
tricular systolic function is known to be an important
predictor of survival in patients with CAD, one can await
the prognostic impact of the quantification of the amount
of perfusion-metabolic mismatch by using both myocar-
dial perfusion and fatty acid metabolism imaging. This
study was therefore designed to assess the prognostic
value of the amount of dysfunctional myocardium as
indicated by Tl-201 and BMIPP single photon emission
tomography (SPECT) in revascularized patients with
CAD and left ventricular dysfunction.

MATERIALS AND METHODS

Patients.   From among the patients with chronic CAD
and left ventricular dysfunction referred to our laboratory
for the evaluation of myocardial viability, 93 consecutive
patients for whom coronary revascularization had been
planned were included in the study. Exclusion criteria
were: recent (<3 months) myocardial infarction or un-
stable angina, heart disease other than coronary artery
disease, or a history of prior revascularization procedures.

The study protocol included the performance of Tl-201
and BMIPP SPECT before revascularization. All major
epicardial branches with significant stenosis underwent
revascularization, by coronary artery bypass grafting
(CABG) in 43 cases and by percutaneous transluminal
coronary angioplasty (PTCA) in the remaining 50 pa-
tients. One patient with perioperative myocardial infarc-
tion was excluded by using the usual clinical, enzymatic
and electrocardiographic criteria. At least 6 to 12 months
later, follow-up left ventriculography was performed to
evaluate the evolution of regional and global left ventricu-
lar function. In patients treated with PTCA, 16 patients
with restenosis were excluded on the basis of follow-up
angiography. Informed consent for participation in the
study was obtained from all patients. The Ethics Commit-
tee of our institution had previously approved the study.
Finally, 76 patients were enrolled in the present study.

Coronary angiography.   Coronary angiography was
performed with the transfemoral or transbrachial tech-
nique. Percent diameter stenosis was evaluated with auto-
mated edge detection. Vessels showing >50% lumen
reduction were considered diseased.

Image protocol.   Before revascularization, all patients
underwent Tl-201 and BMIPP SPECT in random order
within 1 week. For all acquisitions, SPECT data were
obtained at 6° increments for 30 sec per increment during
a 180° rotation from the 45° left anterior oblique to the 45°

right anterior oblique view with a large-field-of-view
rotating gamma camera, a high-resolution, parallel-hole
collimator and a minicomputer (Shimadzu SNC5100R/
Scintipac 24000, Tokyo, Japan). The data were in a 64- ×
64-word matrix nuclear medicine computer system. After
transaxial reconstruction with a filtered backprojection
algorism, short-axis, vertical long-axis and horizontal
long-axis tomograms were obtained without attenuation
correction, and circumferential profile analysis was per-
formed. In each patient, scintigraphic studies were ana-
lyzed by the same methods by observers who were un-
aware of the angiographic findings.

Myocardial perfusion imaging:   To delineate regional
myocardial perfusion, a Tl-201 SPECT was performed
under resting conditions. The imaging was started 10 min
after intravenous injection of 111 MBq of Tl-201.

BMIPP imaging:   BMIPP was prepared and supplied
by Nihon Medi-Physics Co., Ltd. It contained 111 MBq of
I-123 labeled 15-p-iodophenyl-3-R,S-methyl penta-
decanoic acid (0.6 mg) dissolved in 10.5 mg of urso-
deoxycholic acid. SPECT was performed 20–30 min after
administration of 111 MBq of BMIPP at rest with the pa-
tient in a fasting state for more than 3 hrs.

Image analysis.   Semiquantitative analysis of the
SPECT data was performed. Circumferential count profiles
(60 radii, highest pixel activity/radius) were generated
from the Tl-201 and BMIPP short axis slices, discarding
the slices containing the outflow tract. Apical activity was
measured from a vertical long axis tomogram. The avail-
able slices were presented in a polar map. The polar maps
were divided into 17 segments (Fig. 1). Each polar map
was normalized for peak activity (100%). If the activity of
Tl-201 was less than 50%, the uptake was considered
severely reduced. We evaluated the number of segments

Fig. 1   Polar maps were divided into 17 segments.
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in severely reduced Tl-201 uptake. In addition, when
BMIPP uptake exceeded Tl uptake by 8.5% in the septal
region and by 7% in the remaining left ventricular region,
the myocardial segment was classified as a perfusion-
metabolic mismatch. The threshold was documented by
Tamaki et al.16 in the previous report.

Follow-up.   After coronary revascularization, all pa-
tients were followed up by contact with the treating

physician in 1- to 3-month intervals. The patients were
followed up for cardiac mortality and nonfatal cardiac
events including MI, unstable angina pectoris (AP) re-
quiring hospitalization, and hospitalization for heart fail-
ure. MI was defined as a hospital admission for prolonged
chest pain, electrocardiographic changes and an increase
in plasma cardiac enzyme activity. Unstable AP was
defined by resting anginal symptoms requiring hospital-
ization with parental nitrates and/or heparin therapy.
Heart failure requiring hospitalization was identified by
dyspnea, need for intravenous inotropic and/or diuretic
therapy. The mean follow-up period was 32 ± 18 months.

Statistical analysis.   To define the cutoff for differen-
tiating between groups with large and small amounts of
perfusion-metabolic mismatch, five criteria were tested to
best discriminate these two groups according to the risk
of developing cardiac events. By means of the Fisher
exact test, the cutoff value of seven perfusion-metabolic
mismatching segments was found to have the greatest
statistical power for stratification. The lower cutoff values
five and six were not able to discriminate the group with
increased risk of developing cardiac events. Furthermore,
we actually defined three groups based on this cutoff
value. Group A consisted of patients with a large amount
of perfusion-metabolic mismatch (≥ 7 segments); group B
included patients with a small amount of perfusion-
metabolic mismatch (2 to 6 segments); and group C
comprised patients with no mismatch segments. Clinical
data are given as the mean ± SD for continuous variables
or as a number (percent) for categorical variables. Com-
parisons were performed for group A, B and C, for
systolic functional parameters before and after revascu-
larization. Differences in continuous variables were tested

Fig. 2   Left ventriculography results of groups A, B and C. In patients with a large amount of perfusion-
metabolic mismatch (group A), the ejection fraction was the greatest improvement in postrevasculari-
zation LV systolic function.

Table 1   Baseline patient characteristics

Group A Group B Group C
(n = 32) (n = 28) (n = 16)

Men 30 26 15
Age (yr) 58 ± 8 60 ± 8 59 ± 7
Previous history

Myocardial infarction 26 20 15
Stable angina 22 22 12
Hypertension 12 14   7
Diabetes 16 17 10
Hyperlipidemia   9   8   4
Smoking 12   9   3

Extent of vessels
Single vessel disease   4   3   3
Multiple vessel disease 26 23 12
Left main disease   2   2   1

Revascularization method
CABG 18 14 10
PTCA 14 14   6

No. of segments in severely
reduced Tl-201 activity 7.4 ± 2.2 6.9 ± 3.3 8.8 ± 4.2

Values are expressed as number of patients or mean ± S.D.
CABG: coronary artery bypass grafting surgery
PTCA: percutaneous transluminal coronary angioplasty
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by Mann-Whitney or Wilcoxon tests; differences in cat-
egoric variables were evaluated using the chi-square test
with Yates correction or Fisher exact test. The Cox
proportional hazard model was utilized to analyze the
relationship between cardiac event-free survival and the

Table 2   Cardiac events in group A, B and C patients

group A group B group C

Cardiac events within 30 days
after revascularization

Death 0 1 1
non-fatal MI 0 0 0

Late cardiac events
Death 0 1 2
non-fatal MI 1 1 0
unstable angina 1 2 1
hospitalization for CHF 0 2 4

Sum of cardiac events 2 7 8
Non-cardiac death 1 0 0

Values are expressed as number of patients.
MI: myocardial infarction, CHF: congestive heart failure

Table 3   Ranked independent predictors of cardiac events by
Cox multivariate analysis

Variables χ2 RR 95% CI p-Value

No. of perfusion-metabolic
    mismatch segments 8.28 0.740 0.603–0.909 0.004
Age 0.019 1.005 0.936–1.079 0.891
CABG 1.983 0.465 0.161–1.349 0.465
LVEF 2.983 1.085 0.989–1.191 0.084
No. of segments in severely
    reduced Tl-201 activity 0.409 1.057 0.891–1.254 0.523

RR: relative risk, CI: confidence interval

Fig. 3   Kaplan-Meier curve showing survival free of cardiac events (including death, nonfatal MI,
unstable AP and hospitalization for heart failure) in groups A, B and C. Event free survival was
significantly better in group A than in groups B or C, both being p < 0.05.

following variables potentially relating to the patients’
prognosis: the presence of a large amount of perfusion-
metabolic mismatch, age, the type of revascularization,
pre-revascularization LVEF, and the number of segments
in severely reduced Tl-201 activity. The hazard ratio and
the corresponding 95% confidence intervals (CI) of these
risk factors were also calculated. In addition, Kaplan-
Meier time to event curves were used to estimate the
absolute risk of cardiac event in group A, B and C. A p-
value < 0.05 was considered significant.

RESULTS

Baseline characteristics.   Based on the number of per-
fusion-metabolic mismatches assessed with Tl-201 and
BMIPP SPECT, the patients were divided into three
groups. Group A consisted of 32 patients with a large
amount of perfusion-metabolic mismatch. The mean
number of perfusion-metabolic mismatches was 7.8 ± 1.6
(range, 7 to 13). Group B contained 28 patients with a
small amount of perfusion-metabolic mismatch. The
mean number was 3.2 ± 1.6. Group C was composed of 16
patients with no perfusion-metabolic mismatch. The
baseline and post-revascularization characteristics of the
three groups are shown in Table 1. There were no signifi-
cant differences in age, gender distribution, occurrence of
risk factors for CAD, extent of diseased coronary arteries,
type of revascularization method, post revascularization
medication, the number of segments in severely reduced
Tl-201 activity or any other variables potentially related
to patient prognosis.

Clinical and functional postrevascularized outcome.
Figure 2 represents a comparison of left ventriculographic
variables before and 6 to 12 months after revascularization.



Original Article 113Vol. 16, No. 2, 2002

Similar prerevascularization left ventricular ejection frac-
tion of 35 ± 5%, 34 ± 8%, 36 ± 6% increased to 45 ± 8%
(p < 0.0001), to 38 ± 8% (p < 0.05) and to 36 ± 3% (n.s),
respectively, after revascularization. Improvement in left
ventricular systolic function was significantly greater in
patients with a large amount of perfusion-metabolic mis-
match.

Early and late postrevascularized outcome.   There
were 2 (in groups B and C) in-hospital deaths, resulting in
an early postoperative mortality rate of 2.6%. In one case
in group C, death was due to refractory congestive heart
failure and the inability to wean from inotropic support. In
the case of group B, sudden death occurred on postopera-
tive day 8 after an otherwise uneventful postoperative
course. Among hospital survivors, the mean period of
follow-up was 32 ± 14 months. Four additional deaths
occurred during follow-up. One death in group A was due
to a noncardiac cause (lung cancer). Of the 3 remaining
deaths, 2 (in group B and C) resulted from refractory
congestive heart failure and one in group C was sudden
cardiac death 13 months after PTCA. In addition, of the 70
remaining survivors, 12 patients suffered major cardiac
events except death. They consisted of 2 events in group
A, and 5 events each in groups B and C. The detailed
characteristics of these major cardiac events are shown in
Table 2.

Results of Cox multivariate analysis are reported in
Table 3. In this Cox model stepwise elimination with the
presence of a large amount of perfusion-metabolic mis-
match forced in the first step was performed.

The major cardiac event rate was significantly lower in
patients with a large amount of perfusion-metabolic mis-
match (group A) than in the other patients (group B and
C). This observation is in accord with the Kaplan-Meier
event-free survival analysis in group A rather than in
groups B and C (both p < 0.05). There were no differences
between groups B and C in event-free survival (Fig. 3).

DISCUSSION

The findings of the present study demonstrate that appli-
cation of discriminate analysis that combines the informa-
tion provided by Tl-201 and BMIPP scintigraphic imag-
ing was valuable as the predictor of prognosis in patients
with chronic coronary artery disease, and in selecting
those patients in whom substantial improvement in global
left ventricular function may be obtained. In patients with
a large amount of perfusion-metabolic mismatch, it is
believed that there is more pronounced functional im-
provement after revascularization and probably better
prognosis than in those having only a small amount or no
such mismatch.

Detection of viable myocardium by radionuclide imag-
ing.   Recent studies have demonstrated that Tl-201

imaging is useful in the identification of viable myo-
cardium in patients with chronic ischemic LV dysfunc-
tion.1–5 But, Tl-201 imaging has shown to have very high
sensitivity but suboptimal specificity.4 It is also to be
noted that the common use of Tl-201 data in a binary
fashion is a practical but restrictive interpretation of the
continuous pathophysiological relationship that exists
between Tl-201 uptake and improvement of systolic func-
tion after revascularization. In the present study, a clear
relationship was not found between the number of seg-
ments in severely reduced Tl-201 activity and systolic
function after revascularization. These findings indicate
that the dyssynergic regions with severely reduced uptake
of Tl-201 contain a considerable amount of jeopadized
myocardium.

On the other hand, it is conceivable that better iden-
tification of viability may be derived from a combined
evaluation of metabolic and functional information. In
addition to the assessment of perfusion and sarcolemmal
function by thallium activity, myocardial fatty acid me-
tabolism was evaluated with BMIPP imaging. Myocar-
dial BMIPP activity is proportional to the intracellular
ATP level,14 and reduced myocardial activity of BMIPP
is a sensitive indicator of ischemic stage. BMIPP imaging
can detect metabolic injury in viable myocardium, and the
perfusion-metabolism mismatch contributes to determin-
ing the extent of metabolic dysfunctional but viable myo-
cardium in an ischemic zone.

Myocardial viability and LV functional outcome.
Considering the entire study population, the amount of
perfusion-metabolism mismatch was predictive of EF
improvement at follow-up. It is noteworthy that the extent
of perfusion-metabolism mismatch was the best predictor
of functional improvement after revascularization. The
threshold of seven segments of perfusion-metabolism
mismatch was associated with the best improvement in
EF. This finding suggests that not only the presence but
also the extent of viable myocardium is critical in deter-
mining LV functional outcome after successful
revascularization in patients with severe LV function and
CAD. In addition, these results are in agreement with the
observations suggesting that the improvement in LV
function after revascularization correlates with the extent
of the area of flow-metabolism mismatch.7,8,15–18

Quantification of the amount perfusion-metabolism
mismatch and survival.   Recent studies have repeatedly
suggested that patients with CAD and LV dysfunction
with nonrevascularized viable myocardium have a
propensity to suffer later cardiac events and that
revascularization improves their survival.19–23 The main
result of the present study was that patients with a large
amount of perfusion-metabolism mismatch exhibited
significantly fewer cardiac events and better cardiac-
event survival than those with a small amount or no
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perfusion-metabolism mismatch. To the best of our knowl-
edge, there are no reports about long prognosis on the
effect of the amount of perfusion-metabolism mismatch
assessed by Tl-201 and BMIPP SPECT. Marinho et al.24

and Vanoverschelde et al.25 found that in most cases
chronic impairment of LV function is not associated with
a reduced baseline myocardial blood flow, suggesting that
LV dysfunction may be caused by repeated episodes of
ischemia. Moreover, the close correlation of the extent of
perfusion-metabolism mismatch with subsequent func-
tional improvement suggests that viable, but metaboli-
cally impaired, myocardium is hibernated. The metabolic
impairment in viable myocardium may be elucidated by
the initial manifestation of reduced aerobic beta-oxida-
tion of fatty acid and high-energy phosphate depletion due
to ischemia. Therefore, these scintigraphic approaches
may be particularly useful in the prognostic classification
of revascularized patients with CAD and severely de-
pressed LV function.

Study limitations.   The limitations of the present study
cannot be ignored when interpreting its results. First, the
number of patients in our study was relatively small. In
addition, our study is biased in that it is not representative
of the entire pool of patients with low LVEF referred for
PTCA and CABG because of those with poor LV function
and poor run-off if the coronary artery might not have
been referred for revascularization. In addition, our study
included a significant number of patients with congestive
heart failure, who may be at increased risk for both short-
and long-term complications after revascularization. Al-
though it may be difficult to apply from our findings to all
patients with poor ventricular function undergoing the
revascularization procedure, the present study does apply
to a significant proportion of such patients.

CONCLUSION

Our data suggest that in patients with CAD and severe
LV dysfunction referred for coronary revascularization,
the identification, and especially the quantification of
perfusion-metabolism mismatch is of great clinical
importance. The presence of a large amount of perfusion-
metabolism mismatch as evaluated by Tl-201 and BMIPP
SPECT identifies patients with the best prognosis.
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