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(B-methyl-p-(**I)iodophenyl pentadecanoic acid)
myocardial single photon emission computed tomography

Tsunehiko NiSHIMURA,' Seiki NAGATA,? Toshiisa UEHARA,' Takakazu Morozumi,' Yoshio IsHIDA,2
Tomoaki NakATA,* Osamu IiMura,* Chinori KURATA,* Yasushi WAKABAYASHI* Hiroki SUGIHARA,®
Katsuichi Otsuki,’® Toyofumi WapA® and Yoshinori Koca®

'Department of Tracer Kinetics and Nuclear Medicine, Osaka University, Medical School
Department of Cardiology and Department of Nuclear Medicine, National Cardiovascular Center
3Second Department of Internal Medicine, Sapporo Medicine University
“Third Department of Internal Medicine, Hamamatsu University, School of Medicine
’Second Department of Internal Medicine, Kyoto Prefectural University of Medicine
®Third Department of Internal Medicine, Kurume University, School of Medicine

'ZI-BMIPP (B-methyl-iodophenyl pentadecanoic acid) has shown unique properties for potential
use in assessing myocardial metabolism. Previous basic and clinical studies demonstrated that the
disturbances of myocardial metabolism precede the occurrence of myocardial perfusion abnormali-
ties by using 2'T1 in hypertrophic myocardium. The present study was therefore undertaken to
determine whether or not '*I-BMIPP myocardial SPECT is useful in predicting the prognosis of
hypertrophic cardiomyopathy (HCM) in 65 patients in 6 facilities. There were 33 patients with non-
obstructive HCM, 12 with obstructive HCM, 12 with apical HCM and 8 with dilated-phase HCM.
Fasted patients at rest received an intravenous injection of 111 MBq of '*I-BMIPP. Twenty to thirty
minutes later, myocardial SPECT was carried out. The BMIPP severity score (BMIPP SS) was
evaluated semiquantitatively by using representative short axial SPECT images. We followed up
the incidence of cardiac events for a mean period of 3.0 % 0.6 years. Cardiac events occurred in 13
patients. Of these, 11 developed heart failure and 6 died (4 from heart failure and 2 from sudden
death). The BMIPP SS in the dilated-phase HCM was significantly higher than that in the remaining
HCM patients. The BMIPP SS for the survivors was significantly lower than that for the non-
survivors. The BMIPP SS was particularly high in patients with fatal heart failure. Furthermore,
there was a close negative correlation between the BMIPP SS and percent fractional shortening
measured by echocardiography (r = —0.49). Finally, the mortality over the three years increased
according to the extent of the BMIPP SS. In conclusion, these results indicate that the BMIPP SS
is useful in evaluating the severity of HCM. We conclude that '*I-BMIPP is a valuable metabolic
tracer in predicting the outcome of HCM.
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INTRODUCTION

Asout 60-80% of myocardial energy metabolism is based
on fF-oxidation of free fatty acids. Assessment of myocar-
dial fatty acid metabolism is therefore important not only

Received July 17, 1995, revision accepted October 20, 1995.

For reprint contact: Tsunehiko Nishimura, M.D., Department
of Tracer Kinetics and Nuclear Medicine, Osaka University,
Medical School, 2-2 Yamadaoka, Suita, Osaka 565, JAPAN.

Vol. 10, No. 1, 1996

in the pathophysiological clarification of ischemic or
hypertrophic hearts, but also in assessing the therapeutic
efficacy for these conditions.! The use of ''C-palmitate
and positron emission tomography (PET) now makes it
possible to obtain images of regional myocardial fatty
acid metabolism.** The use of PET, however, has not
spread widely and is limited to facilities that possess an
in-house cyclotron. For this reason, the imaging of myo-
cardial fatty acid metabolism by using various '*I-labeled
fatty acids has been developed.”!? Representative
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Table 1 The age, family history, electrocardiographic findings and echocardiographic findings for eah

group of hypertrophic cardiomyopathy

Non-obstructive Obstructive Apical Dilated-phase
No. of patients 33 12 12 8
Age (years)
Mean 5216 5415 577 56+9
Range 21-79 27-81 44-68 43-66
Sex
Male 26 (78.8%) 7 (58.3%) 10 (83.3%) 3(37.5%)
Female 7 (21.2%) 5 (41.7%) 2(16.7%) 5(62.5%)
Family history of HCM 10 (30.3%) 3 (25.0%) 1 (8.3%) 2(25.0%)
Electrocardiography
Atrial fibrillation 6 (18.2%) 1(8.3%) 1(8.3%) 0
Ventricular tachycardia 5(15.2%) 2 (16.7%) 0 1(12.5%)
Abnormal Q 12 (36.4%) 3 (25.0%) 1 (8.3%) 5 (62.5%)
Giant negative T 9(27.3%) 3 (25.0%) 8 (8.3%) 0
SV1+RV5 41.8+20.8 40.2+18.7 60.6+13.4 36.8+18.0
Echocardiography (n=133) (n=10) (n=11) (n=28)
IVSth (mm) 203146 212445 121+1.8 169149
PWth (mm) 11.7+£29 14.0+4.5 11.1+1.8 11.3+34
LVDd (mm) 433157 40.1+54 485+5.3 54.0+13.0
LVDs (mm) 26.2+5.7 225+5.1 28.6+33 4131136
% FS 39.6+£7.8 44.6+9.7 40.7+6.6 24.6+£10.6
12 1abeled fatty acids used for such imaging are '*I-[PPA METHODS
(iodophenyl pentadecanoic acid) and '**[-BMIPP (beta-
methyl-iodophenyl pentadecanoic acid). The former is a Patient selection

straight-chain fatty acid. It is rapidly washed out of the
myocardium.*!® The latter is a branched-chain fatty acid,
in which a methyl group has been introduced to the
B-position of the carboxyl group. It highly accumulates
in the myocardium, and is retained in the myocardium
for long periods. Because of these features, the latter
1s suitable for imaging of myocardial fatty acid metabo-
lism by single photon emission computed tomography
(SPECT).!112

Previous autoradiographic studies in spontaneously
hypertensive rats and Biol4.6 Syrian hamsters with
cardiomyopathy revealed that the regional distribution of
1Z1-BMIPP is discrepant from the myocardial perfusion
assessed by using 2°'TI in hypertrophic myocardium, and
that disturbances of myocardial metabolism precede
the occurrence of abnormalities of myocardial blood
flow.!3" Clinical results of hypertrophic cardiomyopathy,
in which 'ZI-BMIPP was compared with *°'T] myocardial
SPECT, revealed that the hypertrophic myocardium with
a normal *'T1 distribution showed decreased '*I-BMIPP
uptake, and that the reduction in cardiac function corre-
lated with the extent of '*I-BMIPP defects.!>"” These
previous findings suggest that regional disturbances of
myocardial metabolism can be sensitively detected by
imaging of myocardial fatty acid metabolism. The present
study was therefore undertaken to examine whether or not
1Z3-BMIPP myocardial imaging is useful in the prognosis
of hypertrophic cardiomyopathy in 65 patients with this
disorder treated at 6 facilities.
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The subjects were 65 patients who were diagnosed as
having hypertrophic cardiomyopathy (HCM) and in whom
images of myocardial fatty acid metabolism were made
by using '**I-BMIPP in 1990 and 1991 at the 6 facilities
(Sapporo Medicine University; Hamamatsu University,
School of Medicine; Kyoto Prefectural University of
Medicine; Osaka University, Medical School; National
Cardiovascular Center and Kurume University, School of
Medicine). There were 46 males and 19 females, ranging
in age from 21 to 81 years (mean; 53.7 £ 13.7 years).
Depending on the type of HCM, 33 patients were signed
to the non-obstructive HCM group, 12 to the obstructive
HCM group, 12 to the apical HCM group, and 8 to the
dilated-phase HCM group. Table 1 shows the age, sex,
familial history, electrocardiographic findings and
echocardiographic findings for each group.

Seventeen patients had complications (cerebral
infarction in 1 case, diabetes mellitus in 4 cases and hyper-
tension in 12 cases). Two patients had undergone pace-
maker implantation. Drug therapy with beta-blockers had
been administered to 18 patients (27.7%), calcium an-
tagonist therapy to 41 (63.1%) and digitalis therapy to
6 (9.2%).

Definition of HCM

HCM was defined as the demonstration by echocardiog-
raphy or left ventriculography, or at autopsy of asym-
metrically hypertrophied, nondilated left ventricle in the
absence of another cardiovascular or systemic disease
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Fig. 1 Schematic representation of short-axis view at the
basal, mid and apical level.

that could produce left ventricular hypertrophy. Asym-

metric septal hypertrophy was considered to be present if

the end-diastolic thickness of the septum was at least 15
mm and its ratio to that of the left ventricular posterior
wall was at least 1.3. The obstructive HCM was defined as
systolic anterior motion of mitral valve leaflet detected by
echocardiography and/or a pressure gradient greater than
30 mmHg in the left ventricle.!*2 If the echocardiographic
apical long-axis or four-chamber view demonstrated api-
cal hypertrophy and a characteristic spade-like configura-
tion was demonstrated in the left ventriculograms, apical
hypertrophy was considered to be present.?'?

Dilated-phase HCM was defined as that phase repre-
senting an evolution from the typical asymmetrically
hypertrophied and nondilated left ventricular wall thin-
ning, cavity enlargement or impaired systolic function, or
any combination of these abnormalities, and associated
with clinical evidence of progressive congestive heart
failure in the absence of hemodynamically significant
coronary artery disease.?*?*

'"BI-BMIPP myocardial imaging and data analysis
Fasted patients at rest received an intravenous injection of
111 MBq of '*I-BMIPP (Nihon Medi-Physics, Chiba,
Japan). Twenty to thirty minutes later, myocardial SPECT
was carried out in the supine position. On reconstructed
short-axial views, 3 slices (a slice close to the apical re-
gion, a slice of the midventricular region and a slice close
to the basal region) were selected. Each slice was divided
into 8 segments (Fig. 1). The degree of '*I-BMIPP accu-
mulation in each segment was visually graded on a 5-
point scale: —1 (increased uptake), O (normal uptake), 1
(mildly decreased uptake), 2 (severely decreased uptake)
and 3 (no uptake, i.e., defect). The grading was made
jointly by 3 physicians who had more than 10 years
experiences in nuclear cardiology, without knowledge of
clinical data. The scores for all 24 segments in a given
subject were totaled to yield the BMIPP severity score
(BMIPP SS) for that subject.

Echocardiography

Each subject underwent two-dimensional echocardiog-
raphy at the time of 'I-BMIPP myocardial imaging.
From the echocardiographic data, the interventricular

Vol. 10, No. 1, 1996

septum thickness and the posterolateral wall thickness
were determined. From the left ventricular end-diastolic
dimension (LVDd) and the left ventricular end-systolic
dimension (LVDs), the fractional shortening (%FS) was
calculated at each institution by using the following
equation

%FS = (LVDd — LVDs) x 100/L.VDd.

The %FS was regarded as an indicator of the severity of
cardiac dysfunction, and was compared with the BMIPP
SS. The calculation of each of these parameters was based
on the standards prepared by the American Society of
Echocardiography. The %FS could not be calculated in 3
patients who did not undergo echocardiography. These 3
patients were excluded and 62 patients were evaluated.

Follow-up study

For all subjects who underwent '**[-BMIPP myocardial
imaging, we followed up the incidence of cardiac events
from the end of this study to November, 1993. The mean
follow-up period was 3.0 + 0.6 years (range: 0.46-3.52
years). During the follow-up period, we examined: (1) the
presence or absence of heart failure, (2) survival, and (3)
cause (heart failures, arrhythmias or non-cardiac factors)
of death and the date of death. The information sources
were the medical chart for each patient and the report of
the physician. All 62 patients were completely followed

up.

Statistical analysis

Data were expressed as the mean = SD. The significance
of differences in the score (BMIPP SS) between two
groups was tested by Wilcoxon rank-sum test. The corre-
lation between the %FS and the BMIPP SS was evaluated
on the basis of an analysis of the Spearman rank correla-
tion coefficient. The Kaplan-Meier method was used to
evaluate the cumulative survival curves. The significance
of differences between two groups in survival curves was
tested, by log-rank test. In all tests, p < 0.05 was regarded
as significant.

RESULTS

BMIPP severity score

The mean BMIPP score for all segments (24 segments X 65
patients = 1560 segments) was 0.68 £ 0.94. The score
was —1 for 14 segments, 0 for 866 segments, 1 for 388
segments, 2 for 188 segments and 3 for 104 segments,
respectively. The BMIPP S8, as calculated from the total
BMIPP score for individual patients, was 16.3 £ 13.1
(range: 0-54).

Figure 2 shows the BMIPP SS in each group. The
BMIPP SS in the dilated-phase HCM group (38.1 £ 14.2)
was significantly higher than that in the non-obstructive
HCM group (15.3 % 10.3; p = 0.006), the obstructive HCM
group (13.0 £ 9.6; p = 0.0013) and the apical HCM group
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Fig. 2 Scatterplot of BMIPP severity score in patients with
non-obstructive, obstructive, apical and dilated-phase hyper-
trophic cardiomyopathy.

(7.9 £5.7; p=0.0008). The BMIPP SS values for the
obstructive and non-obstructive HCM groups were not
significantly different. The BMIPP SS in the apical HCM
group was slightly lower than those in the non-obstructive
HCM group (p = 0.027), the obstructive HCM group (p =
0.18) and the dilated-phase HCM group (p = 0.0008).

There was no significant correlation between the BMIPP
SS and age (r = 0.028, p = 0.83). The BMIPP SS was not
correlated with any drug therapy. The BMIPP SS was not
correlated with the existence of complications such as
diabetic mellitus and hypertension.

Relationship between the BMIPP SS and survival
During the follow-up period, cardiac events occurred in
13 (21.0%) of the 62 patients. That is, 11 patients (17.7%)
developed heart failure (leading to death in 4), and 6
patients (9.7%) died of cardiac disease (4 deaths from
heart failure and 2 from arrhythmias). There were no
deaths from non-cardiac factors.

The mean age of the 4 patients who died of heart failure
(1 male and 3 females) was 55.5 £ 5.8 years (range: 48—
61 years). Of the 2 patients who died of arrhythmias, one
was a 27-year-old female and the other was a 53-year-old
male.

Figure 3 shows the BMIPP SS for the survivors (n = 56)
and those who died (n = 6). The BMIPP SS for the non-
survivors (36.7 £ 16.7) was significantly (p = 0.0027)
higher than that for the survivors (13.7 = 9.9). The BMIPP
SS was particularly high in the 4 patients who died of heart
failure (mean, 45.5 £ 9.3; range, 34 to 54), but it was
relatively low in the 2 patients who died of arrhythmias (9
and 29, respectively).

Although the BMIPP SS for the survivors was signifi-
cantly lower than that for the non-survivors (p = 0.0027),
as mentioned above, the score was slightly high in survi-
vors in whom HCM was complicated by heart failure
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Fig. 3 Scatterplot of BMIPP severity scores in patients who
are alive and in those who are dead. Closed circles represent the
patients with heart failure. Open circles represent the patients
without heart failure.
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Fig. 4 Scatterplot of BMIPP severity scores in patients with
heart failure and in those without heart failure. Closed circles
represent the patients who are dead. Open circles represent the
patients who are alive.

(p = 0.059).

Relationship between the BMIPP SS and heart failure
Figure 4 shows the BMIPP SS in the heart failure group
(11 patients in whom HCM was complicated by heart
failure) and the non-heart failure group (51 patients). The
BMIPP SS in the heart failure group (31.3 £ 16.6) was
significantly (p = 0.001) higher than that in the non-heart
failure group (12.9 £ 8.6). The incidence of heart failure
was 77.8% (7/9) when the BMIPP SS was over 30, but it
was only 7.5% (4/53) when the BMIPP SS was less than
30.

Relationship between the BMIPP SS and cardiac events
Figure 5 shows the BMIPP SS in the cardiac event free
group (n = 49), the heart failure group (n = 7), the fatal
heart failure group (the group of patients who died of heart
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Fig. 5 Scatterplot of BMIPP severity scores in patients who
are free of cardiac events, who are with heart failure, who died
with heart failure, and who died with arrhythmia.

failure; n = 4) and the fatal arrhythmia group (the group of
patients who died of arrhythmias; n = 2). The BMIPP SS
in the cardiac event free group (12.6 + 8.4) was lower than
that in the heart failure group (23.1 + 14.3), although this
difference was not significant (p = 0.059). The BMIPP SS
for the cardiac event free group did not differ significantly
from that for the death (arrhythmia) group (19.0 £ 14.1)
(p = 0.38), but it was significantly lower than that for the
fatal heart failure group (45.5 £ 9.3) (p=0.0011). The
BMIPP SS in the heart failure group (23.1 + 14.3) was
significantly lower than that in the fatal heart failure group
(45.5 £ 9.3) (p = 0.029), although it did not differ signifi-
cantly from that in the cardiac event free group (p = 0.059)
or the sudden death group (p = 0.88).

Relationship between BMIPP SS and echocardiographic
findings
Figure 6 shows the relationship between the %FS, as
calculated from echocardiograms, and the BMIPP SS for
each subject. The average %FS was 40.4 + 8.0% (range:
20 to 58%) in the cardiac event free group (n = 47),36.4
6.4% (range: 28 to 45) in the heart failure group (n =5),
16.5 + 3.7% (range: 13 to 21%) in the fatal heart failure
group (n =4), and 42.0 £ 11.3% (range: 34 and 50) in the
sudden death group (n = 2).

There was a close negative correlation between the
BMIPP SS and %FS (r = —0.49, p < 0.001). As the cardiac
function decreased, the BMIPP SS increased. No cardiac
events occurred in any of the 4 patients in whom both %FS
and BMIPP SS were below 30. Of the 6 patients in whom
%FS was below 30 and BMIPP SS was over 30, 5 (83.3%)
had cardiac events. Of these 5 patients, 4 died of heart
failure and the remaining patient developed heart failure.
The incidence of cardiac events was therefore high when
an increase in the BMIPP SS accompanied low cardiac
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Fig.7 Cumulative survival curves of each group. Group I: the
patients with BMIPP severity score 0 to 9. Group II: the patients
with BMIPP severity score 10 to 19. Group IlI: the patients with
BMIPP severity score 20 to 29. Group 1V: the patients with
BMIPP severity score 30 to 39. Group V: the patients with
BMIPP severity score 40 to 49. Group VI: the patients with
BMIPP severity score > 50.

function (%FS). Of 48 patients in whom %FS was over
30, only 3 (6.3%) had a BMIPP SS higher than 30. Of
these 3 patients, 2 developed heart failure. Of 45 patients
in whom the BMIPP SS was below 30, 2 developed heart
failure and another 2 died of arrhythmias.

Relationship between the BMIPP SS and mortality

Of the 62 patients, 8.1% died during the three-year period.
Figure 7 shows the cumulative survival curve (Kaplan-
Meier method) for the six groups of patients divided by
the BMIPP SS Group I (score 0-9; n = 27), Group II (10—
19; n = 18), Group III (20-29; n = 10), Group IV (30-39;
n=35), Group V (40-49; n = 3) and Group VI (50 and
over; n = 2). The mortality over the three years increased
slightly with the BMIPP SS (3.7% for Group 1, 0% for
Group 11, 10.0% for Group III, 20.0% for Group IV,
33.3% for Group V and 100% for Group VI, respectively).
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DISCUSSION

1. Natural history of hypertrophic cardiomyopathy

In most cases of hypertrophic cardiomyopathy, cardiac
contractility is preserved relatively well. The five- to ten-
year survival rates for patients with this disease have been
reported to be 80-90%,%?" but the incidence of sudden
death or cardiac events is high for patients with this
disease under 30 years of age.?®! It has also been reported
that patients with familial HCM tended to develop heart
failure and rapid exacerbation of the condition.’> We
encountered cases of familial HCM in which thallium
perfusion was abnormal, cardiomegaly progressed, car-
diac function was reduced, and serum enzymes derived
from the myocardium such as CPK-MB and LDH 1
increased. Myocardial biopsy demonstrated myocar-
dial fiber disarray with fibrosis. We termed this type as
“dilated-phase HCM.”?**7 These cases showed diffuse,
positive accumulation of '''In-antimyosin Fab in the
myocardium, suggesting the presence of proceeding ne-
crosis.”” Similar to our finding, Maron et al. reported that
the coexistence of sudden cardiac death and end-stage
heart failure was sometimes noted in cases of familial
HCM, and suggested that such cases are more common
than previously estimated.?*

HCM is therefore a primary cardiac disease and has
broad morphologic and clinical spectra. As a possible
explanation for the diverse pathophysiological features of
HCM, a relationship between myocardial hypertrophy
and myocardial degeneration has been suggested.
Furthermore, since some HCM patients with normal
coronary arteries sometimes develop angina or thallium
perfusion defects, the involvement of small coronary
artery disease in HCM has been suggested.™** In this
connection, several investigators reported that transient
perfusion defects were noted in about half of HCM
patients when examined by means of exercise *'Tl myo-
cardial scintigraphy.*>*” O’ Gara reported that ' Tl myo-
cardial SPECT revealed defects in 41 (57%) of 72 patients
with HCM, and that LVEF was below 50% in 4 of 17
patients with persistent perfusion defects, in contrast to
the 24 patients with transient perfusion defects in whom
LVEF was normal.*’ These results demonstrate the in-
volvement of myocardial ischemia and/or scar in HCM.
These findings indicated that prognosis of hypertrophic
cardiomyopathy is chiefly determined not only by arrhyth-
mias (e.g., atrial fibrillation and ventricular tachycardia)
which can cause sudden death, but also by the develop-
ment of heart failure. Early detection of heart failure in
HCM is therefore essential.

2. 'B]-BMIPP myocardial imaging and severity of HCM
Glucose analogs for single-photon imaging are not yet
available, but some radioiodinated fatty acids can serve as
metabolic tracers.”'* In cardiomyopathy, S-oxidation of
free fatty acid, which accounts for 60—-80% of myocardial
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energy metabolism under anaerobic conditions, is inhib-
ited. In consideration of routine examinations primarily
dependent on SPECT, radioiodinated free fatty acid is
therefore suitable for imaging myocardial metabolism. Of
these agents, '2*I-BMIPP is superior for myocardial SPECT
imaging, because of its higher uptake and prolonged
retention in the myocardium.'' In animal experiments
with spontaneous hypertensive rats and Bio 14.6 Syrian
hamsters, '*I-BMIPP uptake was reduced before the
occurrence of abnormalities in myocardial blood flow
distribution.'*!* In some cardiomyopathies, myocardial
metabolism is impaired earlier than myocardial perfu-
sion, because ATP production is reduced by damage to the
myocardial cell membrane, and mitochondrial dysfunc-
tion.'?

A phase III clinical trial of '*I-BMIPP was recently
completed in Japan.'® Interestingly, decreased '*I-BMIPP
uptake was observed in 56 of 70 (80%) patients with HCM
in this trial. Kurata et al. performed '*I-BMIPP and
thallium myocardial SPECT in 17 HCM patients, and
observed that uptake of '*I-BMIPP was noticeably re-
duced in 10 patients who showed signs of severe asym-
metric hypertrophy.'* Moreover, '*I-BMIPP uptake was
reduced at sites that corresponded to hypertrophied areas
where thallium uptake was increased."

In the present study, the BMIPP SS varied among
different types of hypertrophic cardiomyopathy. It was
particularly high in the dilated-phase HCM group and low
in the apical HCM group, although it was not significant
different in obstructive and non-obstructive HCM. As
shown in Figure 6, a significant correlation was noted
between the BMIPP SS and the %FS as determined by
echocardiography. These results indicate that myocardial
SPECT with '2I-BMIPP is very useful in evaluating the
severity of HCM.

3. '3]-BMIPP myocardial imaging and prognosis of HCM
Following the finding that '*I-BMIPP myocardial SPECT
is more useful than *°'T] myocardial SPECT in the early
detection of HCM and that it permits the evaluation of the
severity of HCM, we examined the utility of the BMIPP
SS as a predictor of prognosis in HCM. The BMIPP SS
was high in HCM patients who died or developed heart
failure. The three-year survival curves, according to the
Kaplan-Meier method, revealed that the prognosis be-
came poorer as the BMIPP SS increased. Prior to the
present study, some investigators reported prediction of
the outcome of HCM on the basis of clinical signs, ar-
rhythmias and echocardiographic findings.-3! To the
best of our knowledge, no previous studies used myocar-
dial metabolic imaging to establish of the prognosis of
HCM. We conclude that the present study is valuable in
that it demonstrated the high utility of metabolic imaging
with SPECT in predicting the outcome of HCM, on the
basis of the data collected from a large number of HCM
patients.
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