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Abstract

#mTc-sestamibi/ *F-fluorodeoxyglucose
(FDG) dual-isotope simultaneous acquisition
(DISA) SPECT has recently been found to be
effective in identifying myocardial ischemia.
However, to date there has been no study
regarding the ability of this technique in
assessing myocardial viability. Accordingly,
the aim of this study is to compare the value
of '“F-FDG/*"Tc-sestamibi DISA  and
thallium-201 SPECT in the assessment of
myocardial viability.

The study population consists of 36
patients with angiographically significant
CAD (> 70% diameter stenosis) and left
ventricular  dysfunction.  Each  patient
underwent stress thallium-201 reinjection
SPECT and '*F-FDG/*"Tc-sestamibi DISA
SPECT, within 1 week.

DISA SPECT was performed with a GE
Hawkeye system. This system consists of a
Millennium VG dual-head scintillation camera
equipped with ultra-high energy collimators,
capable of imaging 511 keV photons. The
nondiabetics received 50 g of oral glucose and
diabetic patients received intravenous insulin
to adjust blood glucose levels before DISA
imaging.

All DISA and thallium images were
interpreted qualitatively using a 17-segment
model. For thallium SPECT, a segment with a
severe (< 50% of peak uptake), fixed



perfusion defect was considered nonviable.
For DISA SPECT, concordantly marked
reduction of both sestamibi uptake (< 50%)
and FDG uptake (< 50%) was considered scar
tissue.

A total of 612 segments were analyzed.
DISA revealed myocardial scar in 104
segments and thallium SPECT detected
nonviability in 138 segments. Among the 140
segments  with  nonviability,  complete
agreement of the two tests was obtained in
102 segments (72.9%). We conclude that the
application of "*F-FDG/*"Tc-sestamibi DISA
SPECT is feasible. This technique is a cost-
effective alternative to "*F-FDG/"N-ammonia
PET for assessing myocardial viability.
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In patients with coronary artery disease
(CAD), dyssynergic myocardium may arise
from either viable or necrotic myocardium [1,
2]. Improvement of regional contractile
dysfunction after revascularization often
occur in viable myocardium, whereas necrotic
myocardium will not improve in function [3-
5]. In patients with poor left ventricular
function, revascularization is associated with
high mortality [6, 7]. Therefore, accurate
identification of reversible, viable myocardium
has important clinical implications.

Positron emission tomography (PET)
using '*F-fluorodeoxyglucose (**F-FDG) has
been proved to be the most accurate method
of  differentiating  reversible  ischemic
myocardium from irreversible scar tissue [2,
8-12]. Nevertheless, this technique is
currently hampered by the limited availability
because of high costs of PET [13]. Recently,
single-photon emission computed tomography
(SPECT) with 511 keV collimators has been
found useful in imaging myocardial FDG
uptake [14-17].

Because an onsite cyclotron for
production of short-life PET perfusion tracers
i1s cost-intensive and not widely available,
alternatives are of interest when combining
metabolic imaging using FDG with perfusion
imaging using ° “Tc-sestamibi. In 1995,
Delbeke et al. [18] demonstrated that

simultaneous  evaluation of myocardial
perfusion/metabolism with a SPECT camera
equipped with an ultrahigh-energy collimator
is possible using *"Tc-sestamibi/'*F-FDG
with a dual-isotope simultaneous acquisition

(DISA) protocol. This "“F-FDG/”"Tc-
sestamibt DISA SPECT is effective in
identifying  myocardial  ischemia  [19].

However, to date there has been no study
regarding the ability of this DISA technique in
assessing myocardial viability. In addition,
stress thallium-201 SPECT has been proposed
effectively for the identification of
dysfunctional but viable myocardium [20-25].
Nevertheless, a direct comparison between
F-FDG/*"Tc-sestamibi and  thallium-201
SPECT is lacking. Accordingly, the aim of
this study was to compare the value of '*F-
FDG/”"Tc-sestamibi DISA and thallium-201
SPECT in the assessment of myocardial
viability.
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Thirty-six patients (33 men, 3 women,
aged 34-85 years) with angiographically
significant CAD (> 70% diameter Stenosis)
and left ventricular dysfunction (ejection
fraction < 40%) were studied. Each patient
underwent stress thallium-201 reinjection
SPECT [25] and rest “F-FDG/*"Tc-
sestamibi DISA SPECT, within 1 week.

DISA SPECT was performed with a GE
Hawkeye system. This system consists of a
Millennium VG dual-head scintillation camera
equipped with ultra-high energy collimators
capable of imaging 511 keV photons. In 28
nondiabetics, each received 50 g of oral
glucose before the SPECT imaging after 4-
hour fast. Sixty min after oral glucose, 6-8
mCi of 18F-FDG and 20-25 mCi of *Tc-
sestamibi were administered intravenously.
DISA data were acquired 60 min after
injection. In 8 diabetic patients, regular insulin
was administered intravenously to adjust
blood glucose levels before DISA imaging
[26].

All DISA and thallium images were
interpreted qualitatively using a 17-segment
model [27]. For thallium SPECT, a segment



with a severe (< 50% of peak uptake), fixed
perfusion defect was considered nonviable
[25]. For DISA SPECT images, criteria of
viability were (1) normal perfusion and FDG
uptake, (2) concordantly mildly-moderately
reduced perfusion and FDG uptake, or (3)
reduced perfusion with preserved or increased
FDG uptake (mismatch). Concordantly
marked reduction of both sestamibi uptake (<
50%) and FDG uptake (< 50%) was
considered scar tissue.

Student's ¢ test and chi-square or Fisher’s
exact test, when appropriate, were used to
determine the significant differences between
the groups.
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‘Baseline plasma glucose levels averaged
100 + 12 mg/dl (range 72 to 120 mg/dl) in
nondiabetic patients, and 215 + 41 mg/dl
(range 167 to 303) in diabetics. In diabetic
patients, the glucose levels before DISA
imaging averaged 144 + 9 mg/dl (range 128 to
159) and the insulin injected was 7 £ 3 IU.

The mibi images were of good quality for
analysis in all patients. However, good FDG
SPECT images were obtained in only 32
(89%) of 36 patients. Two diabetics and 2
nondiabetics had marginal FDG images.

A total of 612 segments (17 per patient)
were analyzed. DISA revealed myocardial
scar in 104 segments. On stress thallium
SPECT, nonviability was detected in 138
segments. Thirty-six (26%) of 138 segments
with nonviability on thallium SPECT were
found viable on DISA images, while only 2
(2%) of 104 segments with scar on DISA
were classified as fixed defect on thallium
SPECT (p <0.001). Among the 140 segments
with nonviability based on either DISA or
thallium SPECT, complete agreement of the
two tests was obtained in 102 segments
(72.9%).
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Sandler et al. [19] have demonstrated
that "*F-FDG/* ™ Tc-sestamibi dual-isotope
images obtained with a SPECT camera
equipped with an ultra-high energy collimator

may provide information regarding myo-
cardial ischemia. In this study, we provided
more data regarding myocardial viability using
this DISA technique.

So far, only limited data are available on
the comparison between FDG SPECT and
other imaging modalities. Bax et al. [28]
comparing FDG SPECT with thallium
reinjection SPECT revealed that both FDG
and thallium SPECT had a high sensitivity (>
89%) in predicting improvement of regional
function. However, the specificity of thallium
imaging was significantly lower compared
with FDG SPECT (43% for thallium and 77%
for FDG, p < 0.05). The agreement for the
detection of viable and nonviable segments
between the two techniques was 70%. In the
present study, we also found a modest
agreement between ‘*F-FDG/*™Tc-sestamibi
SPECT and thallium imaging. The agreement
between the two imaging modalities in
identifying nonviable segments is 72.9%.
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This study demonstrates a modest
agreement between “F-FDG/”™Tc-sestamibi
DISA SPECT and stress thallium reinjection
SPECT in the identification of nonviable
myocardium. The use of rest *F-FDG/*"Tc-
sestamibi dual-isotope SPECT may provide a
cost-effective alternative to F-FDG/"N-
ammonia PET to assess myocardial viability.
The limitation of the present study is the lack
of an independent measurement of viability,
that is, functional outcome after revas-
cularization. Recovery of regional dysfunction
in this study was available in only 4 patients
who underwent revascularization. Further
study with a larger number of patients with
revascularization 1s needed to explore this
1ssue.

+ ~ 2 UK

(1] Rahimtoola SH. The hibernating myocardium.
Am Heart J 1989;117:211-21.

(21 Dilsizian V, Bonow RO. Current diagnostic
techniques of assessing viability in patients
with hibernating and stunned myocardium.
Circulation 1993:87:1-20.

(3] Brundage BH, Massie BM, Botvinick EH.



(6]

(7]

(8]

{9]

(10}

(1]

(12}

[13]

(14]

Improved regional ventricular function after
successful surgical revascularization. J Am
Coll Cardiol 1984;3:902-8.

Van-den-Berg EK Jr, Popma JJ, Dehmer GJ,
et al. Reversible segmental left ventricular
dysfunction after coronary angioplasty.
Circulation 1990:81:1210-6.

Nienaber CA, Brunken RC, Sherman CT, et
al. Metabolic and functional recovery of
ischemic human myocardium after coronary
anigoplasty. ] Am Coll Cardiol 1991;18:966-
78.

Kennedy JW, Kaiser GC, Fisher LD, et al.
Clinical and angiographic predictors of
operative mortality from the collaborative
study in coronary artery surgery (CASS).
Circulation 1981;63:793-802.
Mickleborough LL, Maruyama H, Takagi Y,
et al. Results of revascularization in patients
with severe left ventricular dysfunction.
Circulation 1995;92 (suppl II):OI-73--1I -
79.

Iskandrian AS, Verani MS. Myocardial
Viability. in Iskandrian AS, Verani MS (eds).
Nuclear Cardiac Imaging: Principles and
Applications. 2nd ed. Philadelphia, Davis,
1996, 305-26.

Bax JJ, Wijns W, Cornel JH, et al. Accuracy
of currently available techniques for
prediction of functional recovery after
revascularization in patients with left
ventricular dysfunction due to chronic
coronary artery disease: comparison of
pooled data. J Am Coll Cardiol 1997;
30:1451-60.

Tillisch J, Brunken R, Marshall R, et al.
Reversibility of cardiac  wall-motion
abnormalities predicted by positron tomo-
graphy. N Engl J Med 1986;314:884-8.
Tamaki N, Yonekura Y, Yamashita K, et al.
Positron  emission  tomography  using
fluorine-18 deoxyglucose in evaluation of
coronary artery bypass grafting. Am J
Cardiol 1989;64:860-5.

Knuuti MJ, Saraste M, Nuutila P, et al.
Myocardial wviability: flluorine-18-deoxy-
glucose positron emission tomography in
prediction of wall motion recovery after
revascularization. Am Heart J 1994;127:
785-96.

Conti PS, Keppler JS, Halls JM. Positron
emission tomography: a financial and
operational analysis. AJR 1994;162:1279-
86.

Bax JJ, Visser FC, van Lingen A, et al.

(15])

{16]

[17]

(18]

(19]

(20]

[21]

[22]

(23]

Feasibility of assessing regional myocardial
uptake of '’F-fluorodeoxyglucose using
single photon emission computed tomo-
graphy. Eur Heart J 1993;14:1675-82.

Burt RW, Perkins OW, Oppenheim BE, et al.
Direct comparison of fluorine-18-FDG
SPECT, fluorine-18-FDG PET and rest
thallium-201 SPECT for detection of
myocardial viability. J Nucl Med 1995;
36:176-79.

Martin WH, Delbeke D, Patton JA, et al.
FDG-SPECT: correlation with FDG-PET. J
Nucl Med 1995;36:988-95.

Bax JJ, Visser FC, Blanksma PK, et al.
Comparison of myocardial uptake of '°F-
fluorodeoxyglucose imaged with PET and
SPECT in dyssynergic myocardium. J Nucl
Med 1996;37:1631-36.

Delbeke D, Videlefsky S, Patton JA, et al.
Rest myocardial  perfusion/metabolism
imaging using simultaneous dual-isotope
acquisition SPECT with technetium-99m-
MIBI/Fluorine-18-FDG. J Nucl Med 1995;
36:2110-9.

Sandler MP, Videlefsky S, Delbeke D, et al.
Evaluation of myocardial ischemia using a
rest metabolism/stress perfusion protocol
with fluorine-18 deoxyglucose/technetium-
99m MIBI and dual-isotope simultaneous-
acquisition single-photon emission computed
tomography. J Am Coll Cardiol 1995;26:
870-8.

Bonow RO, Dilsizian V, Cuocolo A,
Bacharach SL. Indetification of viable
myocardium in patients with chronic
coronary artery disease and left ventricular
dysfunction:  comparison of  thallium
scintigraphy with reinjection and PET
imaging  with  18-F-fluorodeoxyglucose.
Circulation 1991;83:26-37.

Tamaki N, Ohtani H, Yonekura Y, et al.
Significance of fill-in after thallium-201
reinjection  following delayed imaging:
comparison with regional wall motion and
angiographic findings. J Nucl Med 1990;
31:1617-22.

Ohtami H, Tamaki N, Yonekura Y, et al.
Value of thallium-201 reinjection after
delayed SPECT imaging for predicting
reversible ischemia after coronary artery
bypass grafting. Am J Cardiol 1990; 66:394-
9.

Dilsizian V, Freedman NMT, Bacharach SL,
et al. Regional thallium uptake in irreversible
defects: magnitude of change in thallium



(24]

[25]

(26]

(27}

(28]

activity after reinjection distinguishes viable
form nonviable myocardium. Circulation
1992; 85:627-34.

Lin LC, Ho YL, Wu CC, Huang PJ, et al.
Comparison of simultaneous dobutamine
echocardiography and thallium-201 stress-
reinjection single-photon emission computed
tomography in predicting improvement of
chronic myocardial dysfunction after
revascularization. Am J Cardiol 2000;86:
293-8.

Huang PJ, Lin LC, Yen RF, et al. Accuracy
of biphasic response, sustained improvement
and worsening during dobutamine echo-
cardiography in predicting recovery of
myocardial dysfunction after revasculariza-
tion: comparison with simultaneous thallium-
201 remjection SPECT. Ultrasound Med
Bigl 2901;27:925-3 I

‘Schoder H, Campisi R, Ohtake T, et al.
Blood flow-metabolism imaging with
positren emission tomography in patients
with diabetes mellitus for the assessment
of reversible left ventricular contractile
dysfunction. J Am Coll Cardiol 1999;
33:1328-37.

Danias PG, Ahlberg AW, Clark T BA,
et al. Combined assessment of myo-
cardial perfusion and left ventricular
function with exercise technetium-99m
sestamibi gated single-photon emission
computed tomography can differentiate
between ischemic and nonischemic
dilated cardiomyopathy. Am J Cardiol
1998;82:1253-8.

Bax JJ, Cornel JH, Visser FC, et al
Prediction of recovery of myocardial
dysfunction  after  revascularization:
comparison of fluorine-18 fluorodeoxy-
glucose/thallium-201 SPECT, thallium-
201  stress-reinjection SPECT and
dobutamine echocardiography. J Am
Coll Cardiol 1996;28:558-64.



