ORIGINAL ARTICLE

Annals of Nuclear Medicine Vol. 10, No. 1, 13-18, 1996

The value of Tc- 99m MIBI SPECT during isosorbide dinitrate 1nfusmn

In assessment of viable myocardium in patients
with myocardial infarction
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Tc-99m MIBI myocardial SPECT has shown promise for evaluation of coronary artery disease. But
its role 1n predicting myocardial viability 1s still under investigation. The purpose of this study was
to evaluate the value of Tc-99m MIBI myocardial SPECT during isosorbide dinitrate (ISDN)
infusion in the assessment of myocardial viability. Thirty-seven patients with previous myocardial
infarction (the infarct age ranged from < 30 days to 900 days) were studied, of them 13 patients had
Tc-99m MIBI studies betore and after coronary artery bypass grafting (CABG). The results showed
that out of 134 segments with hypoperfusion at resting SPECT, 56 segments (41.8%) had an
increase 1n Tc-99m MIBI uptake during ISDN infusion. Among them, 17 segments (30.4%) were
normalized, 6 segments (10.7%) were significantly improved and 33 segments (58.9%) were
improved. The degree of improvement in perfusion was related to the age of the myocardial
infarction. In 13 patients with CABG, of 31 segments with improvement in perfusion post CABG,
25 segments (80.6%) showed perfusion improvement during ISDN infusion, and of 28 segments

with improved wall motion post CABG, 23 segments (82.1%) showed improvement in perfusion
during ISDN infusion. Tc-99m MIBI SPECT during ISDN infusion may therefore be a useful

approach for assessing myocardial viability.
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INTRODUCTION

A SIGNIFICANT AMOUNT of 1schemic but still viable myocar-
dium 1s a necessary condition for successful revasculariza-
tion, including coronary artery bypass grafting (CABG)
and percutancous transluminal coronary angioplasty
(PTCA). The detection of severe 1schemic but viable
myocardium in patients with myocardial infarction is
very important for the further management of these pa-
tients." F-18 FDG PET and Thallium-201 reinjection
methods have been proven as techniques for the 1dentifi-
cation of myocardial viability.*”
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Tc-99m MIBI myocardial SPECT has been clinically
used for assessing coronary artery disease (CAD).!Y But
the role of Tc-99m MIBI myocardial SPECT for the
identification of myocardial viability 1s still under inves-
tigation.''=> Altchoefer et al.® have demonstrated that Tc-
99m MIBI at rest underestimated the amount of viable
myocardium by 23%. In order to improve the ability to
detect myocardial viability by resting Tc-99m MIBI myo-
cardial SPECT, a study of Tc-99m MIBI myocardial
SPECT during 1sosorbide dinitrate (ISDN) infusion was

performed in 37 patients with previous myocardial infarc-
tion.

MATERIALS AND METHODS

Patient population
Thirty-seven patients (34 males and 3 females) with
previous myocardial infarction who had undergone coro-

nary angilography were studied. The mean age was 57 + 7
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years (38—72 years). The location of myocardial infarction
based on 12 leads ECG was defined as anterior in 20
patients, and infero-posterior wall in 25 patients. Accord-
Ing to the infarction age, the patients were divided into
three subgroups. Subgroup 1 consisted of 13 patients with
an 1infarction age of < 30 days, Subgroup 2 consisted of 11
patients with an infarction age ranging from 31 to 90 days,
Subgroup 3 consisted of 13 patients with an infarction age
ranging from 91 to 900 days. And thirteen patients had
nuclear studies before and post-CABG. Resting Tc-99m
MIBI and ISDN infusion Tc-99m MIBI SPECT were
performed in 24 patients. Resting Tc-99m MIBI, ISDN
SPECTSs and radionuclide ventriculography (RVG) were
performed 1n 13 patients pre-CABG and repeated resting
MIBI SPECT and RVG post- CABG within 15 days.

Resting Tc-99m MIBI SPECT:-

Resting Tc-99m MIBI SPECT was performed 1.5 hours
after injection of 740 MBq of Tc-99m MIBI (Beijing
Normal University, radiochemical purity, > 97%) with
Toshiba 90B gamma camera equipped with a low energy
all-purpose collimator. Thirty projections (40 seconds per
projection) were obtained over a 180°, semicircular arc
extending from the 45 RAO to the 45° LPO position. All
images were acquired with a 64 X 64 matrix and a zoom
of 2.0. The images were reconstructed by the filtered
back-projection method with a Shepp-Logan filter. The
short-axis, horizontal long-axis and vertical long-axis
slices were obtained.

Isosorbide dinitrate (ISDN) infusion imaging

ISDN solution (Schwarz Pharma AG, Germany) was
infused into the patient at a beginning dose of 30 ug/min,
then the infusion dose was gradually increased until the
mean blood pressure dropped by 1.33 kPa!” and the dose
was maintained for continued infusion for 20 min. The
maintaining dose was 90-450 ug/min (mean 289 + 144
gg/min). Thirty min after the initiation of ISDN infusion,
a dose of 740 MBq Tc-99m MIBI was injected intrave-
nously and ISDN infusion was continued for another 10
min. The tomographic data were acquired 1.5 hr after the
injection ot Tc-99m MIBI by means of the same protocol
as for resting Tc-99m MIBI studies.

Wall motion analysis

Equilibrium radionuclide ventriculography was performed
in 13 patients pre- and post-CABG. After in vivo labeling
of red blood cells with 925 MBq of technetium-99m,
1imaging was obtained at anterior, 30" and 70" left anterior
oblique views. Data were stored 1n a 64 X 64 matrix. The
left ventricular ejection fraction was calculated automati-
cally and regional wall motion was assessed by radionu-
clide cine ventriculography.

Imaging interpretation
The lett ventricle in the tomographic images was divided
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Fig.1 The diagram of standard segmentation scheme used for
scoring MIBI images in this study in the transverse slices,
vertical long-axis and short-axis. 1 = apical; 2 = anterior;
3 = anterobasal; 4 = inferior; 5 = posterior; 6 = proximal sep-
tal; 7 = distal septal; 8 = proximal lateral; 9 = distal lateral.

into Y segments: anterior, anterobasal, apical, inferior,
posterior, proximal and distal septum, proximal and distal
lateral wall (Fig. 1). Myocardial perfusion imaging was
analyzed by three experienced nuclear medicine physi-
cians on a 4-point scoring system: O = normal; 1 = mod-
erate reduction of uptake, implying abnormality; 2 =
severe reduction of uptake; 3 = absence of uptake. The
criteria for evaluation of ISDN effects were defined as
follows: 1f the 1nitial score at a segment was dropped by
two after the administration of ISDN, the perfusion of that
segment was defined as significant improvement, and 1f
the 1nitial score dropped by one, that was defined as
improvement.

Statistical analysis

All data are presented as the mean * standard deviation
(SD). Paired Student’s t-test was employed to analyze the
ditference between the paired data. Chi square was used
to determine the difference between the percentages for
each two groups. A p value < 0.05 was considered signifi-
cant.

RESULTS

The results of the studies at rest and during ISDN
infusion

Resting Tc-99m MIBI myocardial SPECT showed perfu-
sijon abnormalities 1n 134/333 (40.2%) segments. During
1sosorbide dinitrate infusion, Tc-99m MIBI SPECT

showed that improvement in Tc-99m MIBI uptake was
found 1n 56/134 (41.8%) segments. Out of 56 segments

with Tc-99m MIBI perfusion improvement, 17 (30.4%)
were completely normal, 6 (10.7%) were significantly
improved and 33 (58.9%) were improved in Tc-99m
MIBI pertusion (Fig. 2).

The improvement rate for Tc-99m MIBI perfusion
during ISDN 1nfusion in the three subgroups was 52.5%,
45% and 31.5%, respectively (Table 1). There was a
significant ditfference in Tc-99m MIBI perfusion 1m-

provement between subgroup 1 (infarction age < 30 days)
and subgroup 3 (91-900 days) (p < 0.025). There was no

significant difference between subgroup 1 and subgroup
2 and subgroup 2 and subgroup 3.
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Fig. 2 The changes of myocardial perfusion at resting and
during ISDN 1nfusion 1in the 37 patients.

Table1l The changes of Tc-99m MIBI uptake in the three
subgroups during Isosorbide dinitrate infusion

subgroup 1 subgroup 2

segments %

subgroup 3
segments %

Tc-99m MIBI
segments %

Perfusion
improved 21/40 (52.5%)** 18/40 (45.0%)" 17/54 (31.5%)**"
Normalized 4/40 (10.0%) 4/40 (10.0%) 9/54 (16.7%)
Significantly
improved  1/40 (2.5%)
improved 16/40 (40.0%)

1/40 (2.5%)  4/54 (7.4%)
13/40 (32.5%)  4/54 (7.4%)

**p < 0.025, subgroup 1 vs. subgroup 3;
NS, subgroup 1 vs. subgroup 2, subgroup 3 vs. subgroup 2

Table 2 The changes of perfusion during ISDN infusion
and post-CABG (compared to resting studies)

Tc-99m-MIBI uptake  During-ISDN Post-CABG

30/57 (52.6%) 31/57 (54.4%)*

Perfusion improved

Normalized 9/57 (15.8%) 15/57 (26.3%)
Sig. improved” 6/57 (10.5%) 4/57 ('7.0%)
Improved 15/57 (26.3%) 12/57 (21.1%)

Perfusion unchanged  27/57 (47.4%) 26/57 (45.6%)

* NS, improvement between post-CABG and during ISDN,
*Sig. improved = significantly improved

The results of the studies in 13 patients who underwent
CABG

Myocardial perfusion imaging pre- and post-CABG.

Pre-CABG: Compared to resting studies, ISDN Tc-
99m-MIBI SPECT showed that perfusion improved 1n
30/57 (52.6%) segments and was unchanged 1n 27/57
(47.4%) segments. Out of 30 segments with improved
pertusion during ISDN infusion, 9/57 (15.8%) showed
perfusion normal, 6/57 (10.5%) showed pertusion signifi-
cantly improved and 15/57 (26.3%) segments showed
perfusion improved (Fig. 3a).

Post-CABG: Compared to pre-CABG resting stud-
1es, Tc-99m MIBI SPECT revealed perfusion improved
in 31/57 (54.4%) segments and unchanged 1n 26/57
(45.6%) segments. Out of 31 segments with perfusion
improved, 15/57 (26.3%) segments showed perfusion
normal, 4/57 (7.0%) segments revealed perfusion signifi-
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Fig. 3 The results of myocardial perfusion at resting and
during ISDN (a), and that post-CABG (b) in the 13 patients.

cantly improved and 12/57 (21.1%) segments revealed
perfusion improved (Table 2 and Fig. 3b). Among 31
segments with improved perfusion post-CABG, ISDN
Tc-99m MIBI SPECT showed perfusion improved in 25/
31 segments. The concordance between ISDN Tc¢-99m

MIBI and post-CABG MIBI was 80.6%. Out of 26 seg-
ments with perfusion unchanged post-CABG, ISDN Tc-

99m MIBI SPECT showed perfusion unchanged in 21
segments. The concordance between ISDN Tc¢c-99m MIBI

and post-CABG MIBI was 80.8% (Table 3).

Mvyocardial perfusion imaging vs. WM analysis post-
CABG

Post-CABG, regional wall motion was improved 1n 28
segments, of which, ISDN Tc-99m MIBI SPECT showed

perfusion improved in 23 segments (82.1%) and un-
changed in 5 segments (17.9%). Post-CABG regional
wall motion was unchanged 1n 29 segments, of which
ISDN Tc-99m MIBI perfusion was unchanged in 22
segments (75.9%), improved 1n 7 (24.1%, Table 3).

DISCUSSION

To distinguish viable from non viable myocardium and to
predict similar reversibility of regional wall motion ab-
normalities after revascularization in patients with myo-
cardial infarction 1s of paramount importance for patient
management. After revascularization of 1ischemic areas
showing myocardial dystunction, normal function can be
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Table 3 The comparison of changes of myocardial perfusion imaging Vs. analysis of wall motion post

CABG
Post-CABG
Improvement Unchanged
Pertusion WM Pertusion WM
(31 segments) (28 segments) (26 segments) (29 segments)

ISDN 1nfusion
(pre-CABG) Improvement 25 23 5 7

Unchanged 6 S 21 22
Concordance 80.6% 82.1% 80.8% 75.9%

Fig. 4 Tc-99m MIBI myocardial tomographic imaging ob-
tained 1n a patient with previous myocardial infarction: at rest
(A), during 1sosorbide dinitrate infusion (B) and post-CABG
(C). At resting imaging, the MIBI uptake in anterior wall was
diminished, and the uptake was significantly improved during

ISDN 1nfusion and post-CABG.

restored and the prognosis and quality of life will be
improved. In contrast, revascularization of fibrotic myo-
cardium will not lead to restoration of myocardial func-
tion and improvement of prognosis.

Thallium-201 has been used for more than 20 years in
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the assessment of coronary artery disease, and recently
the thallium-201 reinjection method has been used for the
identification of myocardial viability.**!® But thallium-
201 has significant disadvantages such as soft tissue
attenuation and scatter caused by low photon energy
emission and a relatively long half-life (73 hr) limiting the
administration dose.

1¢c-99m labeled Isonitriles have been used for myocar-
dial imaging. Of the 1sonitriles, Tc-99m Sestamibi has the
best properties for myocardial imaging, it has minimal
lung uptake, transient liver uptake, and no or minimal
myocardial redistribution. This combination of the prop-
erties makes it a better tracer for myocardial perfusion
SPECT."*! Tc-99m MIBI has been shown to be at least
as good as thallium-201 for the assessment and manage-
ment of patients with definite or suspected coronary artery
disease.'®**=* Our previous data showed that the sensitiv-
ity and specificity of Tc-99m MIBI myocardial perfusion
tomography tor the detection of coronary artery disease
were 96% and 87% respectively,'’ but the role of Tc-99m
MIBI myocardial SPECT for predicting myocardial vi-
ability 1s still uncertain.''~"> It has been demonstrated that
Tc-99m MIBI myocardial uptake 1s proportional to re-
gional blood flow in the physiologic range with enhanced
extraction of the tracer in low flow regions where some
tissue 1s still viable. However, the data have shown that
resting Tc-99m MIBI substantially underestimated the
amount of viable myocardium in comparison to thallium

reinjection.=>'* Our previous data have also demonstrated
that Tc-99m MIBI myocardial SPECT at rest underesti-
mated myocardial viability after myocardial infarction,
26.5% of regions in which reduced MIBI uptake at rest
showed normal wall motion, and 43.1% of segments with
defects of Tc-99m MIBI imaging had improvement in
perfusion after CABG.” Cuocolo et al.? found that MIBI
SPECT underestimated viable tissue in about 30% of
segments which were viable on thallium reinjection.
Landoni et al.”* compared MIBI SPECT and F-18-FDG
PET imaging in patients undergoing CABG. The results
showed that there was a close relationship between FDG
uptake prior to CABG and postoperation functional re-
covery, but MIBI was insufficient to predict the viable
myocardium. Recently, He'® has demonstrated that nitro-
glycerin can improve the efficiency of the thallium rein-
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jection method 1n the detection of myocardial viability.
T'c-99m MIBI imaging during 1sosorbide dinitrate in-
fusion was employed to assess myocardial viability in 37
patients with myocardial infarction. The results of this
study showed that out of 134 abnormal perfusion seg-

ments at resting MIBI SPECT, 56 segments (41.8%) were

improved 1n perfusion during ISDN infusion. Out of 56

segments with Tc-99m MIBI uptake improvement, 17
(30.4%) were recovered to normal, 6 (10.7%) were S1¢-
nificantly improved and 33 (58.9%) were improved 1n Tc-
99m MIBI uptake. There was a significant difference
between the perfusion improvement for an infarction age
< 30 days and an age > 90 days (p < 0.025). The improve-
ment rate for Tc-99m MIBI uptake during ISDN infusion
declined with increasing infarct age. These data suggest
that this approach may be useful for the detection of
myocardial viability.

In 13 patients recetved coronary artery bypass grafting,
Tc-99m MIBI showed 31 segments with improved myo-
cardial perfusion post-CABG, of which 25 segments were
improved during ISDN infusion with a concordance of
80.6%; 1n 26 segments there was unchanged myocardial
perfusion post CABG, and of these 21 segments were
unchanged during ISDN infusion with a concordance of
30.8%. Of the 28 segments with improvement 1n wall
motion post-CABG, 23 (82.1%) segments showed an
increase 1n uptake of MIBI during ISDN infusion. Of the
29 segments with unchanged wall motion post-CABG, 22
(75.9%) segments showed unchanged perfusion during
ISDN 1nfusion.

In conclusion, 1sosorbide dinitrate infusion may im-
prove the uptake of Tc-99m MIBI in ischemic but viable
myocardium and increase the sensitivity for detection of
myocardial viability in patients with myocardial infarction.
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