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INTRODUCTION

IT IS IMPORTANT to assess areas at risk or damaged myo-
cardium for management of patients with acute myo-
cardial infarction (AMI) after reperfusion therapy. A
successfully reperfused and viable area may recover func-
tion, but is a candidate for a cardiac event in the future.
Nevertheless, a myocardial perfusion study (201Tl, 99mTc-
hexakis-2-methoxyisobutylisonitrile (MIBI), 99mTc-
tetrofosmin) often underestimates the area at risk in
patients after successful reperfusion therapy, since the

reperfused area may be depicted as normal or with slightly
reduced perfusion.

123I-labeled 15-(p-iodophenyl)-3-(R,S)-methylpenta-
decanoic acid (BMIPP) is an imaging radiopharmaceu-
tical, which reflects fatty acid metabolism.1–6 Several
investigators reported that a combination study of myocar-
dial perfusion (201Tl, 99mTc-MIBI, or 99mTc-tetrofosmin)
and fatty acid metabolism (123I-BMIPP) is useful to esti-
mate myocardial viability. When a mismatch phenome-
non exists in area at risk (less BMIPP accumulation than
perfusion), functional recovery is expected.1–3,7–12 In
other words, since the mismatch area of myocardial
perfusion and fatty acid metabolism is viable, even jeop-
ardized, cardiac events may occur in this area in the
future.12 These studies suggest that recovery of fatty acid
metabolism will lag behind the recovery of myocardial
perfusion. We hypothesize that 123I-BMIPP can depict an
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Ischemic “memory image” is a phenomenon of 123I-15-(p-iodophenyl)-3-(R,S)-methylpentadecanoic
acid (BMIPP) in which an area at risk of acute myocardial infarction (AMI), could be detected as
a defect in a couple of weeks even after successful reperfusion therapy.
    The purpose of this study was to clarify the incidence of the ischemic “memory image” of 123I-
BMIPP in patients with AMI by comparing 99mTc-PYP and 201Tl dual-isotope SPECT.
    Materials consisted of 14 patients with successfully reperfused AMI and 20 patients with old
myocardial infarction (OMI). All AMI patients underwent PYP/Tl dual-isotope SPECT within 1
week after the onset of AMI, and BMIPP SPECT was performed within 1 week after the PYP/Tl
dual-isotope SPECT. The extent and severity of the defect of BMIPP and Tl were visually scored
into four grades: 0 = no defect to 3 = large or severe defect. These scores were compared.
    PYP positive AMI lesions were concordant with BMIPP defects (13/14).  In AMI, both the extent
and severity scores of BMIPP were higher than 201Tl (p < 0.001). Differences (BMIPP − Tl) of extent
and severity scores were greater in AMI than in OMI (p < 0.001).
    In conclusion, the ischemic “memory image” obtained by means of the BMIPP is a common
phenomenon (13/14) in AMI, and helpful in evaluating the area at risk.
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area at risk as a lesion of impaired fatty acid metabolism
even after successful reperfusion therapy. The ability to
memorize the area at risk as an impaired fatty acid
metabolism, or as a defect even after successful reperfusion
therapy, can be called an ischemic memory imaging of
123I-BMIPP.6,13,14

The purpose of this study was to clarify the incidence
of the ischemic “memory image” of 123I-BMIPP in a
region of acute myocardial infarction (AMI) by compar-
ing 99mTc-pyrophosphate (PYP) and 201Tl dual-isotope
single photon emission computed tomography (SPECT).

MATERIALS AND METHODS

Patients and Study Protocol
Materials consisted of 14 patients with AMI and 20
patients with old myocardial infarction (OMI in this
study: more than 3 months from the onset of AMI). There
were 7 antero(-septal) AMI and 7 interior AMI (11 males
and 3 females). There were 7 antero(-septal) OMI, 11
interior OMI, and 2 lateral OMI (16 males and 4 females).
All of the 14 AMI lesions were confirmed with clinical
symptoms, EKG changes, increase in creatinine kinase-
MB, and positive 99mTc-PYP and 201Tl dual-isotope
SPECT (PYP was positive in all 14 patients). All AMI
patients received successful primary reperfusion therapy.
All AMI patients underwent PYP/Tl dual-isotope SPECT
within 1 week from the onset, and BMIPP SPECT within
1 week after PYP/Tl dual-isotope SPECT. All of the 20
OMI lesions were confirmed with a clinical history of
AMI and rest 201Tl SPECT. All OMI patients underwent
both BMIPP and rest 201Tl SPECT within two weeks
during a stable condition.

All patients received oral and written information about
the routine tests performed in this study and gave written
informed consent.

123I-BMIPP SPECT
123I-BMIPP (111 MBq) was injected intravenously. Thirty
minutes later, the data were acquired by means of a 3-head
camera with low-energy high-resolution collimators
(GCA-9300A, Toshiba, Inc., Tokyo, Japan). The photo-
peak was 160 keV with a 20% window for 123I. The data
acquisition parameters were 40 sec/step in 20 steps ×
3 detectors (13 min, 60 steps in all). The matrix was 64 ×
64 and the zooming factor was 1.5. Transaxial slices
were reconstructed by filtered back-projection with a
Butterworth filter (order = 8, 0.15 cycle/pixel). Transaxial
images were reoriented to short and long cardiac axes.
The image processor was a GMS-550u (Toshiba, Inc.,
Tokyo, Japan).

99mTc-Pyrophosphate/201Tl Dual Isotope SPECT
99mTc-pyrophosphate (370 MBq) was injected intrave-
nously. Two hours later, 201Tl (111 MBq) was injected
intravenously during resting condition. Fifteen minutes

after the Tl injection, the data were acquired with a dual-
isotope mode. Photopeaks were 140 keV for 99mTc and 71
keV for 201Tl both with 20% window. The data acquisition

Table 1   Extent and severity scores of BMIPP and Tl

Extent of the defect Severity of the defect

0 = no defect 0 = no defect
1 = small 1 = mild
2 = intermediate 2 = intermediate
3 = large 3 = severe

Fig. 1    Comparison of extent and severity scores of 123I-BMIPP
and 201Tl in AMI and OMI groups. Both extent and severity
scores of BMIPP were significantly higher than those of 201Tl in
AMI group (p < 0.001). In OMI group, only severity score of
BMIPP was higher than that of 201Tl (p = 0.021).

Fig. 2    Differences (BMIPP − Tl) of extent and severity scores
in AMI group and OMI groups. Both differences of extent and
severity scores (BMIPP − Tl) were greater in AMI patients, than
those in OMI patients.
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parameters were 30 sec/step in 20 steps × 3 detectors (10
min, 60 steps in all). The matrix was 64 × 64 and the
zooming factor was 1.5. Transaxial slices were recon-
structed by filtered back-projection with a Butterworth

Fig. 3    Representative antero-lateral AMI patient (62-year-old man). 99mTc-pyrophosphate accumu-
lation (middle row: 3 days after onset) is concordant with the defect of 123I-BMIPP (upper row: 9 days
after onset). Defect area (extent) and severity of BMIPP (score 2 and 3, respectively) are larger and
greater than those of Tl (lower row: 3 days after onset) (score 1 and 1, respectively).
Abbreviations: PYP, 99mTc-pyrophosphate; VLA, vertical long axis; HLA, horizontal long axis; SA,
short axis.

Fig. 4   Representative inferior AMI patient (49-year-old man). 99mTc-pyrophosphate accumulation
(middle row: 4 days after onset) is concordant with the defect of 123I-BMIPP (10 days after onset). Defect
area (extent) and severity of BMIPP (upper row) (score 2 and 3, respectively) are larger and greater than
those of Tl (lower row) (score 1 and 2, respectively).
Abbreviations: PYP, 99mTc-pyrophosphate; VLA, vertical long axis; HLA, horizontal long axis; SA,
short axis.

filter (order = 8, 0.15 cycle/pixel). Transaxial images were
reoriented to short and long cardiac axes. The SPECT
system and the processor were the same as in the BMIPP
study.
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Data Analysis
In each AMI lesion, accumulation of 99mTc-PYP and
defect of BMIPP were visually evaluated, by agreement
between two experienced nuclear medicine physicians, as
to whether they are concordant.

In AMI patients, we evaluated the area at risk, where
99mTc-PYP SPECT was positive. In OMI patients, we
evaluated the OMI lesion, where Tl SPECT depicted a
perfusion defect. To simplify the interpretation of the
results, we did not analyze the remote (non-AMI or non-
OMI) area in this study. The extent and severity of the
defect of BMIPP and Tl were visually scored into four
grades; 0 = no defect, 1 = small or mild defect, 2 =
intermediate defect and 3 = large or severe defect (Table
1). The extent and severity scores for Tl and BMIPP in
AMI and OMI groups were compared.

Differences (BMIPP − Tl) between AMI and OMI
groups in extent and severity scores were also compared.

Statistical Analysis
Values were expressed as the mean ± SD. The mean extent
and severity scores for Tl and BMIPP were analyzed by
two-tailed Student’s t-test. Mean differences in extent and
severity scores (BMIPP − Tl) in AMI and OMI groups
were also compared by means of the two-tailed Student’s
t-test. P < 0.05 was considered as significant.

RESULTS

Positive PYP lesions and defects in the BMIPP were
concordant in 13/14 patients. In 1 patient, the area at risk
(positive PYP lesion) was so small that neither BMIPP
nor Tl could depict the lesion. Therefore, in AMI, an
ischemic memory image was observed in 13/14 (93%)
lesions (= patients). Whereas in OMI, the extent of Tl and
BMIPP defects were visually concordant in all lesions, so
that the incidence of the ischemic memory image was 0/
20 (0%).

In the AMI group, the extent score of BMIPP (2.21 ±
0.89) was higher than that of 201Tl (1.36 ± 0.63) (p <
0.001); and the severity score of BMIPP (2.71 ± 0.83)
was also higher than that of 201Tl (1.79 ± 0.89) (p < 0.001)
(Fig. 1).

In the OMI group, the extent scores of BMIPP (2.50 ±
0.51) and 201Tl (2.40 ± 0.50) were not significantly differ-
ent, but the severity score of BMIPP (2.85 ± 0.37) was
slightly higher than that of 201Tl (2.60 ± 0.60) (p = 0.021)
(Fig. 1).

Difference in the extent score (BMIPP − Tl) in the AMI
group was greater (0.86 ± 0.54) than that in the OMI
group (0.10 ± 0.31, p < 0.001) (Fig. 2). Difference in the
severity score (BMIPP − Tl) in the AMI group was also
greater (0.93 ± 0.73) than that in the OMI group (0.25 ±
0.44, p < 0.001) (Fig. 2).

Among the 13 available AMI lesions, wall motion
improved in 9 lesions on follow up for about 6 months.

Two typical cases of antero-lateral and inferior AMI
are shown in Figures 3 and 4, respectively.

DISCUSSION

The 123I-BMIPP depicted 13 out of 14 AMI lesions when
compared to a PYP hot scan. The results indicate that the
ischemic “memory image” was observed in 93% (13/14).
Because BMIPP missed only one small successfully
reperfused AMI lesion, the ischemic “memory image”
can reliably be used in the evaluation of an area at risk after
successful reperfusion therapy for up to two weeks, when
patients become stable.

99mTc-MIBI and 99mTc-tetrofosmin can depict areas
at risk when injected intravenously before reperfusion
therapy and imaged after the reperfusion therapy. Since
washout of 99mTc-MIBI and 99mTc-tetrofosmin is negli-
gible in most of practical cases, the image after reper-
fusion still reflects the perfusion at the time of injection.
This phenomenon is called “frozen image.” Kawai, et al.15

investigated 65 patients with AMI, who underwent both
99mTc-tetrofosmin (“frozen image”) before revasculari-
zation therapy and 123I-BMIPP (“memory image”) 1
week after the therapy. Among a total of 1,300 segments
(20 segments × 65 patients), the BMIPP defect score was
identical to the tetrofosmin score in 1,156 segments
(88.9%), using a 4-point grading system. They concluded

Fig. 5   Concepts of various kinds of nuclear imaging techniques
in acute phase were summarized in relation to reperfusion
therapy. 99mTc-pyrophosphate (PYP) can image AMI lesion up
to 7 (or 10) days after onset regardless to reperfusion therapy
(upper row). Myocardial perfusion scintigraphy using 201Tl,
99mTc-MIBI or 99mTc-tetrofosmin after reperfusion (reperfusion
image) reflects myocardial perfusion at injection (not the status
before reperfusion). The 99mTc-MIBI and 99mTc-tetrofosmin
can depict area at risk when injected before reperfusion therapy
and scanned after reperfusion therapy. This phenomenon is
called “frozen image.” 123I-BMIPP can depict area at risk as a
defect even after successful reperfusion therapy. This phenom-
enon is called “Memory Image.”



Original Article 567Vol. 16, No. 8, 2002

that BMIPP imaging at 1 week post AMI can identify
areas at risk similarly to tetrofosmin perfusion imaging
in the acute phase. Their report supports our hypothesis
that 123I-BMIPP can depict an area at risk as a lesion of
impaired fatty acid metabolism even after successful
reperfusion therapy.

In the AMI group, both the extent and severity scores of
BMIPP were greater than those of Tl. On the other hand,
in the OMI group, the extent scores of BMIPP and Tl were
not significantly different. Only the severity score of
BMIPP was slightly greater than that of Tl. This suggests
that impairment of fatty metabolism compared to the
perfusion may be prolonged in the jeopardized myocar-
dium in OMI. Nevertheless, the magnitude of differences
both in extent and severity scores (BMIPP − Tl) was much
greater in the AMI group than in the OMI group. This
means that “memory image” is a mismatch phenomenon
between rescued perfusion and impaired fatty metabo-
lism, which can be enhanced in the acute phase of myocar-
dial infarction. The mismatch between BMIPP and Tl in
patients after reperfusion therapy is reported by several
investigators as a predictor of functional improvement of
the stunned myocardium.7–12

Although 99mTc-MIBI and 99mTc-tetrofosmin can de-
pict an area at risk by utilizing the “frozen image,” it is
annoying and difficult to schedule the study in the acute
phase. On the other hand, fatty acid metabolism by BMIPP
can depict an area at risk at least for 2 weeks, even after
successful reperfusion therapy. Therefore, the ischemic
“memory image” is more practical for assessing the area
at risk in the clinical setting. Tanaka et al. investigated
the time course of myocardial perfusion after primary
reperfusion therapy for AMI with 99mTc-tetrofosmin,
comparing the BMIPP study.16 In their study, the risk
areas depicted by 99mTc-tetrofosmin before the reperfusion
therapy were very close to that by BMIPP. Further study
is necessary to clarify the duration that the ischemic
“memory image” is document. Concepts of various kinds
of nuclear imaging techniques in the acute phase were
summarized in relation to reperfusion therapy (Fig. 5).

The ischemic “memory image” observes the same
phenomenon of mismatch between myocardial perfusion
and fatty acid metabolism from a different standpoint.
Nevertheless, the term ischemic “memory image,” is
easier to memorize than the “frozen image” of the techne-
tium agents (MIBI and tetrofosmin), and it is easy to
understand the mechanism by which the recovery of fatty
acid metabolism will lag behind the recovery of myocar-
dial perfusion in patients with AMI.

In most reports, the usefulness of the mismatch in the
assessment of the area at risk has been investigated by
comparing BMIPP with Tl (MIBI or tetrofosmin). In this
study, we investigated the incidence of the ischemic
“memory image” of BMIPP by comparing BMIPP with
99mTc-PYP, a positive agent for AMI lesions, as matched
areas.

Recovery of BIMPP uptake in the chronic phase (3 to
12 months) was not evaluated in this study, since only 3
patients received BMIPP study during the period. Ito et
al. investigated the time course of BMIPP uptake in 10
patients with stunned myocardium.17 They reported that
the BMIPP accumulation dynamically changes over the
acute, subacute, and chronic phases. The term ischemic
memory image can be used for impaired myocardium in
patients with AMI within 2 weeks from the onset, and can
also be used for an ischemic episode without myocardial
infarction18; but should not be used for perfusion/metabo-
lism matched defects in OMI.

CONCLUSION

The ischemic “memory image”  is the ability of 123I-
BMIPP to memorize the area at risk for a couple of weeks,
even after reperfusion therapy. The ischemic “memory
image” obtained by BMIPP is a common phenomenon
(93%) in patients with AMI after reperfusion therapy and
helpful in evaluating the area of damaged myocardium in
the acute phase even after normalized or successful
reperfusion therapy.
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