ORIGINAL ARTICLE

Annals of Nuclear Medicine Vol. 16, No. 3, 183—-187, 2002

Reversible defect of?3-15-(p-iodophenyl)-9-R,9-methylpentadecanoic
acid indicates residual viability within infarct-related area

Akira Nakano,* Yoshiharu Yonekura,** Jong-Dae eg,* Hiromasa Simizu ,*
Norio TakAHASHI,*** Motosaburo HorikosH,* Kiyotaka Qkura,*
Tatsuro BucHIDA*** and Takanori Uepa*
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and **Department of Radiology, Fukui Medical University

To evaluate the relationship between the reversible defdédlef5-(p-iodophenyl)-9-R,9-
methylpentadecanoic acid (9MPA) and residual viability within an infarct-related area, we
performed resting single photon emission computed tomography (SPECT) with 9MPA and
positron emission tomography (PET) wifif-deoxyglucose (FDG) ard@N-ammonia (NH) in 7
patients with prior myocardial infarction.

9MPA-SPECT was obtained 2 min (early) and 50 min (delayed) after tracer injection. Tomo-
graphic images of the left ventricle were divided into 13 segments to correlate the regional uptake
of each tracer. Residual viability within an infarct-related segment was confirmed gyaiNH
FDG-PET. Twenty-six infarct-related segments, confirmed by-RET, showed reduced uptake
of 9MPA on early images. In these 26 segments, 6 showed reversible defect of 9IMPA and 20 showed
fixed defect on delayed images. Residual viability was present in all segments exhibiting reversible
9MPA defect and 7 segments (35%) exhibiting fixed defect (p < 0.05). The sensitivity, specificity
and accuracy of reversible 9MPA defect for the detection of myocardial viability were 46%, 100%,
and 73%, respectively. Myocardial clearance of 9MPA was significantly slower in non-viable
segments than in ischemic but viable segments{%.9% vs. 10.% 5.3%; p < 0.05).

These data suggest that a reversible 9MPA defect indicates residual viability within the infarct-
related area.
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INTRODUCTION of imaging with BMIPP for evaluating myocardial is-
chemia in patients with coronary artery disease. Fur-
RabionucLIDE IMAGING With fatty acid analogue is a thermore, combined BMIPP and myocardial perfusion
sensitive indicator of metabolic alteration in ischemic imaging has been shown to assess myocardial viability,
myocardium.t?3-15-(p-iodophenyl)-3-R,9-methyl- namely reduced uptake of BMIPP relative to perfusion
pentadecanoic acid (BMIPP, Fig. 1) is now widely used indicates the presence of ischemic (metabolically im-
for assessing myocardial fatty acid utilizattoBMIPP paired) but viable myocardium (i.e. stunned or hibernat-
shows prolonged myocardial retention by introducing ing myocardium$-3Nevertheless, as reduced accumula-
methyl-branch into the beta-3 position to inhibit beta-oxi- tion of BMIPP is observed not only in ischemic but viable
dation. A number of reports have described the usefulnessnyocardium but also in scar tissue, imaging with BMIPP
alone is not sufficient for assessing myocardial viability.
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fact, a few reports have described how the clearance of BMIFF
9MPA from myocardium was slower in an ischemic CH3
1

region than in a normal regidrf Chouraqui et al. reported : - . . 2

that differential myocardial clearance from normal and s (CH2p2= CH=CH2=CO0R
ischemic regions results in reversible 9MPA defaate

therefore hypothesized that a reversible 9MPA defect

indicates the presence of ischemic but viable myocar- IMPA CHa

dium. In this study we performed single photon emission I

computed tomography (SPECT) with 9MPA and positron ' -@-[L‘H:: 6=CH= (CH2)yr ~COOH
emission tomography (PET) witfr-deoxyglucose (FDG)

in patients with prior myocardial infarction to determine

whether the reversible 9MPA defect indicates the pres-
ence of residual viability within an infarct-related area.

Fig. 1 Chemical structure of BMIPP and 9MPA.

MATERIALS AND METHODS

apical
Seven patients (4 men, 3 women; 54 to 73 years old, mea ﬁ“ﬁ
age 64t 6) with prior myocardial infarction (more than 1 w.‘p
month after onset) were recruited for our study. Patients ¢ TN
with overt diabetes were excluded. In all subjects, myo-
cardial SPECT imaging with 9MPA, coronary angiogra- Short Vertical long
phy, biplane left ventriculography, PET with FDG and
13N-ammonia (NH) were performed. This study was Fig. 2 Schematic representation of tomographic images.
performed as a part of the phase lll clinical trial of IMPA
in Japan and was approved by the institutional review
board of Fukui Medical University Hospital. Written intravenous bolus injection of NH= 740 MBq). FDG
informed consent was obtained from all patients. (= 370 MBq) was then injected intravenously, and static
Coronary angiography and biplane left ventriculogra- images were acquired over 10 minutes beginning 60 min
phy were performed within 2 weeks of a 9MPA study. after the injectiorf:°
Coronary stenosis was measured by the cross-sectional Reconstructed images of the left ventricle (short axial
method and significant stenosis was defined as luminaklices and vertical long axial slices) were created. The
narrowing > 50% after nitroglycerin administration. On reconstructed SPECT and PET images of the left ven-
left ventriculography, we calculated the left ventricular tricular slice (1 vertical long axial slice and 2 short axial
ejection fraction (EF) by the area-length method. slices) were divided into 13 segments to correlate the
9MPA (= 160 MBq) was injected at rest after overnight regional uptake of each tracer (Fig. 2). The myocardial
fasting, followed by SPECT acquisition 2 min (early) accumulation of 9MPA was assessed visually by 2 inde-
and 50 min later (delayed). The images were acquired inpendent observers who were unaware of the patient’s data
continuous rotational motion composed of 90 angular with a 4-point defect score (0; normal, 1; mild reduced, 2;
samples framed into®4ntervals with a 64 64 matrix for moderate reduced, 3; severe reduced). The reduced tracer
a total imaging time of 15 min. The photopeak and main accumulation was defined as a 2 or 3 defect score, and
window used for data acquisition in imaging were 160 normal was defined as 0 or 1. According to the findings of
keV and 26%, respectively. The projection images ac-early and delayed 9MPA-SPECT, we defined the changes
quired by means of the main window were first smoothedin tracer accumulation in each segment as follows: nor-
with a Butterworth filter of order 8, and the cut-off mal, normal accumulation of 9MPA is observed in both
frequency was 0.3 cycles/pixel. Image reconstruction wasearly and delayed images; reversible defect, reduced
based on filtered backprojection with a ramp filter. Re- accumulation of 9MPA on early images altered normal
constructed transverse slices covered the left ventriculamccumulation in delayed images; fixed defect, reduced
myocardium. These images were further processed taaccumulation of 9MPA is observed in both early and
obtain vertical long axial and short axial slices. delayed images. Then a circular region of interest (ROI),
All subjects underwent PET with FDG and Néfter 10 mm diameter in size, was placed on each segment, and
an overnight fast within 2 weeks of 9MPA-SPECT with a segmental clearance of 9MPA (washout rate; WR) was
whole-body tomograph (ADVANCE, GE, Milwaukee). calculated by using the mean counts in the ROIs in the
Before the emission scan was performed, a 10-min transfollowing equation:
mission scan was performed with 2 rotatfi§Ge pin _ Te—d/131/Te—
sources for attenuation correction. Static PET images WR (%) = [1~ (Cd/Cex 0.5} x 100
were acquired over 10 minutes beginning 10 min after anCe and Cd are the mean counts in the ROI on early and
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delayed images, respectively, and Te—d is denote timesach segment was quantified as the FDG Uptake Index, a
(hours) between early and delayed images. We deterpercent dose per unit volume of the myocardium (% dose/
mined that the physical half life & is 13 hours.
For analysis of Nt and FDG-PET images, the myo- described previousi? According to our previous report,

cardial tissue activity per pixel of both tracers (CT; cpm/ the upper limit of normal FDG Uptake Index is 0.57m

ml) was measured in each 13 segments. Infarct-relatedncrease in the FDG Uptake Index above 0.575 in infarct-
segments (IRS) were defined as those showing less tharelated segments was classified as ischemic but viable
70% of the maximal Nkluptake® The FDG uptake in

Washait rate of DWPA
=

Viahle
Nﬂrmﬂl n= i 3:|

Man-viahle
{n=13)

(n=64)

Infarct-related segmienis

Fig. 3 Comparisons of myocardial clearance of 9MPA. *p <

100 m) in relation to the total injected dose of FDG,

tissue, whereas segments with no increase in FDG uptake
were classified as non-viable tissue. All data are presented
as the mean valueSD. The unpaired Student’s t test was
used to assess differences in mean values between groups.
The Fisher exact test was used to compare proportions. A
p value < 0.05 was considered significant.

Table 1 Characteristics of the patients

Patient Age  Sex IRA (% stenosis)  LVEF (%)

1 73 M RCA (78) 55
2 67 M LAD (88) 36
3 65 F LCx (90) 57
4 63 F LAD (38) 61
5 54 F LCx (24) 62
6 64 M LAD (80) 49
7 65 M RCA (63) 47

IRA,; infarct-related artery, LVEF; left ventricular ejection
fraction, RCA; right coronary artery, LAD; left anterior

0.05 descending artery, LCx; left circumflex artery
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Fig. 4 A 65-yr-old female with prior myocardial infarction (patient no. 3). Her left circumflex artery

was 90% of luminal narrowing. N-PET images showed hypoperfusion in the lateral left ventricular
segments. Increased FDG uptake was observed within the hypoperfused segments, suggesting the
presence of residual viability within infarct-related area. Early 9MPA-SPECT showed reduced
accumulation in the lateral left ventricular segments. Reversible defect of 9MPA was observed within

the infarct-related segments on delayed images.
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Table 2 Finding of 9MPA-SPECT and FDG-PET (n = 26) assessing myocardial viability in patients with prior
9MPA myocardial infarction, because reduced accumulation of
BMIPP is observed not only in ischemic but viable myo-

. reversible defect fixed defect cardium, but also in non-viable tissue. Therefore, dual
FDG viable 6 7 isotope imaging with BMIPP and perfusion tracer (i.e.
FDG non-viable 0 13 2017)) is needed to assess myocardial viability. Many

reports have stated that reduced uptake of BMIPP relative
to perfusion has predictive value for residual viability
within an infarct-related are'&2
RESULTS 9MPA, a new methyl-branched fatty acid analogue, is
different from BMIPP in introducing methyl-branch into
Among the findings of coronary angiography, none the ninth carbon location of the fatty acid chain to undergo
showed significant stenosis except in infarct-related arter-beta-oxidation three time's’ Therefore, clearance of
ies. The infarct-related arteries (3 left anterior descendingdMPA is expected to reflect beta-oxidation and myocar-
arteries, 2 left circumflex arteries and 2 right coronary dial viability. A few reports described how the clearance
arteries) were patent in all 7 patients with residual luminal of 9MPA from ischemic myocardium was significantly
narrowing of 66t 26% (range 24% to 90%). Mean left slower than those from normal myocardium, and that the
ventricular EF was 52 9% (range 36% to 62%) (Table 1). decreased 9MPA clearance reflects impairment of fatty
Of the 91 segments in 7 subjects screened, 27 segmentsids metabolisrfi-®In our present study, 26 of 27 (96%)
(30%) showed reduced accumulation of 9MPA on early segments showing reduced 9MPA uptake on early images
images. In these 27 segments, 26 (96%) were classified asorresponded with IRS according to the findings o&NH
IRS according to the findings of NHPET. The mean WR  PET. Clearance of 9MPA from these segments was
of 9MPA in IRS were significantly lower than in 64 significantly slower than from 64 segments with normal
segments exhibiting normal Nkhccumulation (8.& NH3z accumulation (8.8 5.7% vs. 17.% 3.9%; p < 0.05).
5.7% vs. 17.% 3.9%; p < 0.05, Fig. 3). In IRS, reversible In these 26 IRS, FDG-PET showed 13 segments as
defect of 9IMPA was observed in 6 (23%, Fig. 4) segmentsischemic but viable and 13 segments as non-viable. Clear-
and fixed defect in 20 (77%) segments. FDG-PET showedance of 9MPA from non-viable segments was significantly
residual tissue viability in 13 of 26 IRS. Of these 13 slower than that from ischemic but viable segments (4.9
segments, reversible 9MPA defect was observed in 6+ 5.1% vs. 10.1 5.3%, p < 0.05), so that clearance of
segments (46%) and fixed defect in 7 segments. In the@MPA might reflect myocardial fatty acid metabolism
remaining 13 segments without myocardial viability, all and viability. Similarly, Fujiwara et al. reported that the
showed fixed 9MPA defect (Table 2). Reversible 9MPA clearance of 9MPA from non-viable segments was slower
defect was more frequently observed in ischemic butthan that from viable segments in patients with acute
viable segments than in non-viable segments (p < 0.05)coronary syndromé Our present results might be con-
The sensitivity, specificity and accuracy of reversible sistent with their report, but it is not fully investigated
9MPA defect for the detection of myocardial viability whether the presence of a reversible defect in 9MPA,
were 46%, 100% and 73%, respectively. Myocardial WR resulting from different myocardial clearance from is-
of 9MPA was significantly slower in non-viable segments chemic but viable and normal regions, indicates the re-
than in ischemic but viable segments @®1% vs. 10.1  sidual viability within an infarct-related area. Chouraqui

* 5.3%; p < 0.05, Fig. 3). et al. reported that 9MPA correlates closely Wil for
initial postexercise myocardial uptake and defect revers-
DISCUSSION ibility in patients with exercise-induced myocardial

ischemia’ They suggested that defect reversibility of
Accurate and noninvasive assessment of myocardial me9MPA appears to result from differential myocardial
tabolism has played an important role in understandingclearance from normal and ischemic regions. In our
the physiological condition of ischemic myocardium. present study, the reversible defect of 9IMPA is frequently
PET with FDG ort'C-acetate is now reported to allow observed in patients with prior myocardial infarction and
excellent assessment of myocardial metabolism and viclosely related to the presence of residual viability within
ability. In patients with prior myocardial infarction, pre- an infarct-related area. We speculated that the reversible
cise assessment of residual viability within an infarct- defect of 9MPA is a predictor of preserved fatty acid
related area by means of PET is useful for determiningmetabolism within an infarct-related area. Nevertheless,
whether or not coronary revascularization is indicated, itis likely that slower clearance of 9MPA from non-viable
but PET is not yet widely available. Therefore, BMIPP- segments than from ischemic but viable segments is a
SPECT has been widely used for assessing myocardiadlisadvantage for detecting residual viability by using the
fatty acid utilization!2 but, to the best of our knowledge, phenomenon of reversible defect, but normalized % up-
single isotope imaging with BMIPP is not sufficient for take of 9MPA on early images was significantly lower in
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non-viable segments than in ischemic but viable segments

(52.3+ 2.6% vs. 74.% 6.2%, p < 0.05). We speculated 4.

that this lower uptake of 9MPA on early images in non-
viable segments caused fixed defect on delayed images.
As a result, the sensitivity, specificity and accuracy of
reversible 9MPA defect for the detection of residual
viability were 46%, 100%, and 73%, respectively.

In conclusion, 9MPA has unique characteristics differ-
ent from conventional fatty acid analogues and has impor-

tant implications for clinical decision making in prior 6.

myocardial infarction.
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