
fatty acid metabolism by SPECT because the washout of
BMIPP is slow enough to be negligible in the SPECT
protocol (6). An increasing number of studies of hypertro
phic cardiomyopathy (HCM) have been performed using
BMIPP and have shown inhomogeneous accumulation of

BMIPP and a discrepancy in distribution between BMIPP
and the perfusion tracer (8â€”15).However, limited data have
been available on the precise assessment of BMIPP distribu
tion (13, 15) and the relationship between BMIPP defects
and clinical features (9, 16). Thus, this study focused on the
sites of BMIPP defects and correlated the characteristics of
BMIPP defects with clinical findings.

MATERIALS AND METHODS

Study Patients
The study group comprised 30 patients with HCM accompanied

by asymmetric septal hypertrophy (ASH) (23 men, 7 women; age
range 24â€”69y; mean age 51 y). The diagnosis of HCM was based
on the clinical and electrocardiographic findings and echocardio
graphic demonstration of a hypertrophied left ventricle in the
absence of any other cardiac or systemic disease that itself might
produce left ventricular hypertrophy (17â€”19).All patients had
normal coronary angiography findings. ASH was considered to be
present if the end-diastolic thickness of the ventricular septum was
at least 13 mm and its ratio to the thickness of the left ventricular
posterior wall was at least 1.3. The average end-diastolic thick
nesses of the ventricular septum and the posterior wall were 20 Â±4
and 11 Â±2 mm, respectively. The ratio of the ventricular septum
thickness to the posterior wall thickness was I .8 Â±0.4. To
elucidate the relationship between the sites of hypertrophied
myocardium and the sites of BMIPP defects, the patients were
limited to those with involvement of the anterior ventricular
septum alone or both the anterior and the posterior ventricular septa
(types 1 and 2, respectively, of Maron et al. [20]). No patients with
a pressure gradient of the left ventricular outflow were included.
All medications that might affect myocardial perfusion or metabo
lism were withdrawn at least 48 h before the study. Informed
consent was obtained from all patients, and the study protocol was
approved by the research committee of the institution.

Protocol
SPECT imaging was started 20 mm after administration of 111

MBq (3 mCi) BMIPP with the patients at rest after overnight

Myocardial scintigraphy using 123l15-(p-iodophenyl)-3-(R,S)-
methylpentadecanoic acid (BMIPP) reveals a high incidence of
reduced accumulation of the tracer in patients with hypertrophic
cardiomyopathy (HCM). This defect is thought to reflect impair
ment of myocardial fatty acid metabolism. In this study, the
distribution of BMIPP defects was characterized and correlated
with the clinical features of patients with HCM. Methods: Thirty
patients with asymmetric septal hypertrophy (ASH) were exam
med. Regional BMIPP accumulation was evaluated. Each region
was normalized to the accumulation in the nonhypertrophic
lateral region, which was represented as 100% on each bull's-
eye map. The corresponding thallium accumulation for each
region was then used to correct for the partial-volume effect.
Results:BMIPPaccumulationwassignificantlylessintheseptal
portion of the anterior wall (As), the septal portion ofthe posterior
wall (Ps) and the apex than in the lateral segments. BMIPP
defects were significantly more frequent in the As, Ps and apical
segments (20.0%, 20.0% and 33.3%, respectively) and were
present in the As or Ps segments in 8 patients (27%). The
patients with BMIPP defects in theAs or Ps segments had a more
frequent family history of HCM or sudden death and severe
cardiac dysfunction. Conclusion: BMIPPdefects occur predomi
nantly in the As and Ps segments in some patients with ASH,
which is often associated with severe cardiac dysfunction. The
distribution of BMIPP defects may contribute to the classification
of HCMand the assessment of its severity.

Key Words: 123l15-(p-iodophenyl)-3-(R,S)-methylpentadeca
noic acid; fatty acid metabolism; hypertrophic cardiomyopathy
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odine- 123â€”labeledl5-(p-iodophenyl)-3-(R,S)-methylpen
tadecanoic acid (BMIPP) (1â€”3)is a branched fatty acid with
a prolonged retention time in the myocardium (4,5). A small
percentage of BMIPP is metabolized through initial a- and

@3-oxidation,followed by catabolic washout (6, 7). BMIPP is,
therefore, considered to be suitable for assessing myocardial
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following exceptions: SPECT imaging was started 10 mm after
injection; the data acquisition time per projection was 40 s; and a
low-energy, high-resolution collimator on the 70-keV photopeak
with a 20% window was used.

Two patients were followed up with BMIPP and thallium
myocardial scintigraphy to observe serial changes in the distribu
tion of tracer defects.

Quantitative ImageAnalysis
For quantitative analysis of tracer accumulation, a circumferen

tial profile curve was generated from apical to basal short-axis
slices to create a bull's-eye map (21). The bull's-eye map was
divided into nine segments: Al (anterior wall, lateral portion), As
(anterior wall, septal portion), La (lateral wall, anterior portion), Lp
(lateral wall, posterior portion), P1(posterior wall, lateral portion),
Ps (posterior wall, septal portion), Sa (septum, anterior portion), Sp
(septum, posterior portion) and apex (Fig. 1). A study using PET
found that myocardial blood flow at rest, after correction for a
partial-volume effect, was approximately homogeneous throughout
the myocardium (22). Therefore, the regional BMIPP accumulation
(mean count per pixel) was corrected for a partial-volume effect
using the regional thallium accumulation (mean count per pixel) in
a manner similar to that described by others (14). The BMIPP and
thallium accumulation was defined as 100% in the nonhypertrophic
La or Lp segments with higher accumulation, which was used as
the standard to normalize the percentage of regional accumulation
of each tracer. The percentage of regional BMIPP accumulation
corrected for the partial-volume effect was calculated using the
following equation: Corrected percentage of regional BMIPP
accumulation = (normalized percentage of regional BMIPP accu
mulation/normalized percentage of regional thallium accumula
lion) X 100.The incidence ofreduction ofthe BMIPP, thallium and
corrected BMIPP accumulation was analyzed for each segment.
The accumulation was considered to be defective when the
percentage of accumulation was lower than the mean value minus
two SDs in the La segment (Tables 1â€”3).

Statistical Analysis
The data are presented as mean Â±SD. Parameters were

compared by one-way analysis of variance with a post hoc ScheffÃ©
F test or an unpairedt test.A x2test or Fisherexact test was used as

FIGURE 1. Schemaof nine regionson bull's-eyemap.Al =
anterior wall, lateral portion; As = anterior wall, septal portion;
La = lateral wall, anterior portion; Lp = lateral wall, posterior
portion; P1 = posterior wall, lateral portion; Ps = posterior wall,
septal portion; Sa = septum, anterior portion; Sp = septum,
posterior portion.

fasting. Data were obtained using a rotating digital scintillation
camera (9OlA; Toshiba Co., Tokyo, Japan) equipped with a
collimator dedicated to 1231on the l59-keV photopeak with a 20%
window; 32 projections (30 s per projection) were collected over
180Â°from the 45Â°left posterior oblique position to the 45Â°right
anterior oblique position. Data were recorded in a 64 X 64 matrix
on a dedicated nuclear medicine computer system (GMS55OU;
Toshiba). Myocardial tomograms were reconstructed using a
Shepp-Logan filter. No attenuation or scatter correction was
performed. Thallium imaging was performed within I mo of
BMIPP imaging using the same data acquisition technique with the

TABLE1
Percentage Regional BMIPP Accumulation in Patients with Hyperirophic Cardiomyopathy

BMIPP
accumu
lation*(%) 81.3Â±8.8 75.8Â±10.9t 80.7Â±11.9 81.2Â±13.5 73.3Â±12.4t 78.0Â±6.5 86.3Â±5.7 87.2Â±5.7 69.3Â±8.9@<0.0001

Reduced
accumu
lation(%) 10.0 36.7 26.7 23.3 36.7 43.3 3.3 6.7 76.7

*MeanÂ±SD.
tP < 0.05 vs. Lp, P < 0.02 vs. La.
tP< 0.01 vs. Lp, P< 0.001 vs. La.
Â§P< 0.01 vs. Al and Sp, P < 0.02 vs. Sa, P < 0.0001 vs. Lp and La.
BMIPP= 12@l-15-(p-iodophenyl)-3-(R,S)-methyIpentadecanoicacid; Al = anteriorwall, lateral portion;As = anteriorwall, septal portion;Sa =

septum, anteriorportion;Sp = septum, posteriorportion;Ps = posteriorwall,septal portion;P1= posteriorwall,lateralportion;Lp = lateralwall,
posteriorportion;La = lateralwall,anteriorportion.
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*Mean Â±SD.
tP < 0.001 versus Al, Lp and La; P < 0.02 versusAs and Sp; P < 0.01 versus Sa.
Al = anterior wall, lateral portion; As = anterior wall, septal portion; Sa = septum, anterior portion; Sp = septum, posterior portion; Ps = posterior

wall,septal portion;P1= posteriorwall,lateralportion;Lp= lateralwall,posteriorportion;La = lateralwall,anteriorportion.
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TABLE 2
Percentage Regional Thallium Accumulation in Patients with Hypertrophic Cardiomyopathy

Thallium
accumu
lation* (%) 86.4 Â±5.4 83.9 Â±11.8 85.1 Â±11.2 83.9 Â±10.7 77.8 Â±10.5 80.0 Â±7.7 85.9 Â±6.9 86.9 Â±5.1 73.9 Â±7.7t <0.0001

Reduced
accumu
lation (%) 6.7 23.3 13.3 10.0 46.7 36.7 20.0 6.7 70.0

appropriate to compare differences in the proportion of the number
of patients between two groups. P < 0.05 was considered
statistically significant.

RESULTS

BMIPP,Thallium and Corrected BMIPP Accumulation
The mean regional BMIPP accumulation was signifi

cantly less in As, Ps and apical segments (Table 1). The
incidence of BMIPP defects tended to be high in As
segments (36.7%), Ps segments (36.7%), P1 segments (43.3%)

and apical segments (76.7%).
The mean regional thallium accumulation was signifi

cantly less in only the apex (Table 2). The incidence of
thallium defects tended to be high in As segments (23.3%),
Ps segments (46.7%) and P1 segments (36.7%) and was
markedly high in apical segments (70.0%).

The mean corrected BMIPP accumulation was signifi
cantly less in the As, Ps and apical segments than in the
lateral segments (Table 3). BMIPP defects were significantly

more frequent in As segments (20.0%), Ps segments (20.0%)
and apical segments (33.3%). After the correction, no
segments showed BMIPP defects in the lateral wall; further
more, the incidence of BMIPP defects in the P1 segments
decreased markedly from 43.3% to 3.3%. BMIPP was
defective in the As or Ps segments in 8 patients (27%).
Figure 2 presents representative tomograms showing marked
BMIPP defects in the regions corresponding approximately
to As, Ps and apical segments.

Characteristics of Patients with BMIPP Defects in As
andPsSegments

The As and Ps segments correspond, respectively, to the
anterior and posterior junctions between the ventricular
septum and the left and right ventricular free walls. Accord
ingly, the expression â€œjunctionaltypeâ€•was used for the 8
patients with a corrected BMIPP defect in the As or Ps
segments but without BMIPP defects in either the Sa or the
Sp segments, and the expression â€œnonjunctionaltypeâ€•was

TABLE 3
Corrected Percentage of Regional BMIPP Accumulation in Patients with Hypertrophic Cardiomyopathy

Corrected
BMIPP
accumu
lation*

(%)
Reduced

accumu
lation(%) 3.3 20.0

*MeanÂ±SD.
tP < 0.05 vs. La, P < 0.02 vs. Lp.
1:P< 0.O5vs.Laand Lp.
Â§P< 0.05 vs. Lp.
BMIPP = 1231-15-(p-iodophenyl)-3-(R,S)-methylpentadecanoicacid; Al = anteriorwall, lateral portion;As = anteriorwall, septal portion; Sa =

septum, anteriorportion;Sp, septum, posteriorportion;Ps = posteriorwall,septal portion;PI = posteriorwall,lateral portion;Lp = lateralwall,
posteriorportion;La = lateralwall,anteriorportion.

95.4 Â±6.9 90.8 Â±7.9t 95.0 Â±7.8 96.8 Â±10.5 91.2 Â±10.1@ 98.7 Â±9.4 101.0 Â±9.7 100.6 Â±8.2 90.9 Â±10.1@ <0.0001

6.7 10.0 20.0 3.3 0 0 33.3
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A C

D
FIGURE2. BMIPP(top)andthallium(bot
tom) studies along vertical long axis (Aand
D), short axis (B and E) and horizontal long
axis (C and F). BMIPP defect is severe in
As, Ps andapicalsegments,butthallium
defect is not. Heart seems to rotate slightly
counterclockwise, judging from site of junc
tion ofventricular septum and right ventricu
lar free wall.

used for the other 22 patients. The junctional-type patientsinclude the As and Ps segments. However, the areaofincluded
4 with a corrected BMIPP defect in both the As andthallium defects was more limited than was the areaofthe

Ps segments, 2 with a corrected BMIPP defect in the AsBMIPP defects at eachexamination.segments
alone and 2 with a corrected BMIPP defect in theEchocardiography performed within 1 mo of thefirstPS

segments alone. No patients had marked BMIPPdefectsin
all As, Sa, Sp and Ps segments.TABLE4The

age at diagnosis and the sex were not significantlyClinical, Scintigraphic and Echocardiographic Findingsfordifferent
between the two types, but a family history of

HCMor suddendeathwas significantlymorefrequentin the
junctional type (P < 0.05). Thejunctional type was found to
include significantly more patients with severe dysfunctionJunctional

and Nonjunctional HypertrophicCardiomyopathyClinical

characteristics(i.e.,
New York Heart Association functional class 3) thanNo. of patients 8 (27%) 22(73%)did

the nonjunctional type (P < 0.001).
Furthermore, the incidence of corrected BMIPP defect

was significantly higher in the junctional type (32% of 72
segments) than in the nonjunctional type (3% of 198Age

at diagnosis* (y) 4@Â±10 43 Â±14 NS
No. of men 4 (50%) 19 (86%) NS
Familyhistoryof HCMor

sudden death 6 (75%) 7 (32%) <0.05
Cardiac functionalcapacitysegments)

(P < 0.0001).(NYHAfunctionalclass)Echocardiographically,
the junctional-type patients had a

significantly thinner ventricular septum (P < 0.02), a lower
ratio of the ventricular septal thickness to the posterior wall
thickness (P < 0.05), a lower fractional shortening (FS) of1

(13%) 14 (64%)
2 2 (25%) 8 (36%) <0.001

@ 5 (63%) 0 (0%)
Scintigraphicfindings

Segments withreductionthe
left ventricular dimension (P < 0.0001) and significantlyof correctedBMIPPhigher

end-diastolic and end-systolic dimensions (P < 0.01
and P = 0.0001, respectively) (Table 4).accumulation

23/72 (32%) 6/198 (3%) <0.0001
Echocardiographicfindings

of leftventricle*Temporal
Changesin BMIPPandThallium

Myocardial Scintigrams
Figure 3 presents the bull's-eye maps of BM1PP and

thallium in a patient who was followed up for 42 mo. TheVST

(mm) 17 Â±4 21Â±4 <0.02
@ (mm) 11 Â± 3 11 Â± 2 NS

VST/PWT ratio 1.6 Â±0.4 1.9 Â±0.3 <0.05
Diastolicdimension (mm) 56 Â±10 47 Â±6 <0.01
Systolicdimension (mm) 42 Â±12 28 Â±60.0001first

examination revealed BMIPP defects in the As, Ps andFractional shortening (%) 26 Â±11 42 Â±7<0.0001apical
segments, whereas a thallium defect was noted inonlya

narrow region near the apex. However, 30- and 42-mo
follow-up examinations showed gradual expansion of theNS

= not significant; HCM = hypertrophic cardiomyopathy;
NYHA = New York Heart Association; BMIPP = 123l15-(p-region

of BMIPP defects to include the ventricular septumiodophenyl)-3-(R,S)-methylpentadecanoic acid; VST =ventricularand
the anterior and posterior left ventricular free walls. The

region of thallium defects also expanded from the apex toseptal

thickness; PWT = posterior wallthickness.
*MeanÂ±SD.
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FIGURE3. Bull's-eyemapsof BMIPP(top)andthallium(bottom)duringfirstexamination(Aand0), secondexamination(30 mo
after first) (B and E) and third examination (12 mo after second) (C and F). (A) BMIPP accumulation is clearly reduced in As, Ps and
apical segments. (D)Thallium defect is in very limited region near apex. (B and C) BMIPP defect expands to neighboring portions. (E)
Thallium defect is in only narrow apical area. (F) Thallium defect is also inAs and Ps segments.

SPECTexaminationshowed thatthe FS of the left ventricu
tar dimension was 38%. This value decreased to 30% and
26% at 30 and 42 mo, respectively. This decrease suggests a
progression of the patient's cardiac dysfunction. At the time
of the first set of examinations, the patient complained of
dyspnea, palpitation and other such symptoms when sub
jected to severe exercise, but 30 mo later she complained of
these same symptoms even with light exercise. Although the
symptoms had worsened by the time of the last set of
examinations, no coronary stenosis was found during car
diac catheterization. The bull's-eye maps of the other
patient, who was followed up for 2 1 mo, showed a similar
pattern of expansion of defects, with an FS reduction from
42% to 36%.

DISCUSSION

The reduction of BMIPP accumulation was most marked
and frequently observed in the As, Ps and apical segments,
which usually are not the predominant sites of hypertrophy
in patients with HCM classified as types 1 and 2 of Maron et
at. (20). A similar tendency was observed for thallium
accumulation, although to a lesser extent. Significantly more
patients with BMIPP defects in the As or Ps segments had a
family history of HCM or sudden death and severe cardiac

dysfunction. Therefore, evaluation of BMIPP defects may
be useful for classifying HCM and assessing its severity.

In the patient shown in Figure 3, BMIPP defects expanded
from the As and Ps segments to encompass the hypertro
phied ventricular septum. This process may be common to
some patients with HCM. The expansion of tracer defects
over time may be related to aggravation of cardiac dysfunc
tion. Because the expansion was observed earlier with
BMIPP than with thallium, the BMIPP defects may have
preceded the thallium defects in other patients as well.

Because the patients in this study had ASH, a partial
volume effect may have ted to underestimation of tracer
accumulation. However, the As and Ps segments were not
the sites of minimal thickness; thickness was usually mini
mat in the lateral wall. Therefore, the tracer defects may be
assessed safety without excessive underestimation by com
paring raw data with tracer accumulation in the lateral wall.
Tissue auenuation may affect the homogeneity of SPECT
images. However, neither women with well-developed breasts
nor persons weighing more than 73 kg or having a body
mass index greater than 25 were included in this study.
Therefore, ignorance of the effect of tissue attenuation may
not be greatly responsible for the inhomogeneity. Kinetic
blurring seems to be unavoidable when images are recorded

CHARACTERISTICSOF BMIPP IMAGESIN HCM â€¢Ohtsuki et a!. 2011



by nongated SPECT. However, the contribution of blurring
to image inhomogeneity may not have differed greatly
among the patients because the images were obtained under
the same condition, i.e., at rest.

Regional BMIPP accumulation was tentatively corrected
for the partial-volume effect using the thallium accumula
tion in the corresponding region (14,22). With this correc
tion, the extent and incidence of BMIPP defects decreased
considerably, especially in the Pt segments. In the La and Lp
segments, no BMIPP defects were found after the correction.
BMIPP defects in the As and Ps segments were not
considered to be caused by only a partial-volume effect and
impaired perfusion. However, energy levels of tracers and
patients' physiques may possibly influence attenuation.

The predominant site of BMIPP defects found in this
study differs from those (ventricular septum [8], anteroseptal
region [12] and hypertrophied portion [14]) found in other
studies. This disagreement may be associated, in part, with
the many etiologies and varied clinical features of HCM.
Furthermore, in the other studies, the BMIPP accumulation
in hypertrophied regions was compared with that in nonhy
pertrophied regions; hence, halfway areas such as the As and
PS segments, which usually are adjacent to hypertrophied
regions, may not have received attention. However, about
half of the segments with BMIPP defects were not hypertro
phied in HCM (11). BMIPP accumulation was significantly
lower than thallium accumulation in about half of the
anterior, inferior and septal segments (9). The ratio of
BMIPP accumulation to thallium accumulation was lower in
the anteroseptal, inferoseptal, apical and septal regions, the
former two being quite close to the As and Ps segments (15).

Kuribayashi and Roberts (23) reported that, in autopsied
hearts with HCM, abnormalities of myocardial architecture
i.e., myocardial fascicular disarray, fibrosis and tissue clefts
were most severe in the anterior and posterior junctions
between the ventricular septum and the left and right
ventricular free walls, which approximately correspond to
the As and Ps segments, respectively. Kuribayashi and
Roberts did not examine the apical portion. In the portions of
the ventricular septum and the left and right ventricular free
walls adjacent to thejunctions, myocardial fiber disarray and
milder fibrosis were present. In contrast, myocardial architec
ture was always almost normal in the lateral portions of the
left ventricular free walls. Thus, compared with the patho
logic findings, the segments with the most severe impair
ment of BMIPP accumulation correspond to the anterior and
posterior junctions, and a milder BMIPP defect may have
occurred in the portions adjacent to the junctions.

The mechanism by which tracer accumulation is impaired
in HCM remains to be clarified. Histologic abnormality in
the myocardium may correlate with tracer defects. The cell
membrane and organetle of myocytes are unlikely to stay
intact and function normally under abnormal histologic
conditions, disturbing the uptake and retention of BMIPP
and thallium and the intracellular metabolism of BMIPP
(24,25). This possibility may reduce the validity of the

correction method for the partial-volume effect. The intact
histology of the left ventricular lateral wall supports the
validity of assessing BMIPP defects by comparing them
with this segment.

CONCLUSION

The results indicate that, in some patients with ASH,
BMIPP defects are most marked and frequently observed in
the anterior and posterior junctions between the ventricular
septum and the left and right ventricular free walls. This
pattern of impairment is often associated with severe cardiac
dysfunction. Accordingly, evaluation of BMIPP defects
contributes to the classification of HCM and may be useful
for assessing its severity.

ACKNOWLEDGMENTS

This study was supported by research grant 8A-5 â€˜for
cardiovascular disease from the Ministry of Health and
Welfare of Japan.

REFERENCES
I. Goodman MM, Kirsch G, Knapp FF Jr. Synthesis and evaluation of radioiodin

ated terminal p-iodophenyl-substituted alpha- and beta-methyl-branched fatty
acids. J Med Chem. l984;27:390â€”397.

2. Knapp FF Jr.Ambrose KR, Goodman MM. New radioiodinated methyl-branched
fatty acids for cardiac studies. Eur J NucI Med. I986; 12(suppl):S39â€”S44.

3. Knapp FF Jr. Franken P. Kropp J. Cardiac SPECT with iodine- 123-labeled fatty
acids: evaluation ofmyocardial viability with BMIPP.JNuclMed. 1995;36:l022â€”
1030.

4. Knapp FF Jr. Goldman MM, Ambrose KR, et al. The Development of Radioiodin
ated 3-Methyl-Branched Fatty Acids for Evaluation of Myocardial Disease by

Single Photon Techniques. Dordrecht, The Netherlands: Martinus Nijhoff: 1987:
159â€”201.

5. Fujibayashi Y, Yonekura Y, Kawai K, et al. Basic studies on l-l23-beta-methyl-p-
iodophenylpentadecanoic acid (BMIPP) for myocardial functional diagnosis:
effect of beta-oxidation inhibitor [in Japanese]. Kaku Igaku. 1988:25:1131â€”1135.

6. Fujibayashi Y, Nohara R, Hosokawa R, et al. Metabolism and kinetics of
iodine- I23-BMIPP in canine myocardium. J NucI Med. 1996:37:757â€”761.

7. Yamamichi Y. Kusuoka H. Morishita K, et al. Metabolism of iodine-123-BMIPP
in perfused rat hearts. JNucl Med. 1995:36:1043â€”1050.

8. Kurata C, Tawarahara K, Taguchi T, et al. Myocardial emission computed
tomography with iodine-123-labeled beta-methyl-branched fatty acid in patients
with hypertrophic cardiomyopathy. J Nucl Med. 1992:33:6â€”I3.

9. Shimonagata 1, Nishimura T, Uehara T, et al. Discrepancies between myocardial
perfusion and free fatty acid metabolism in patients with hypertrophic cardiomy
opathy. NucI Med Cominun. 1993:14:1005â€”1013.

10. Ohtsuki K, Sugihara H, Umamoto I, Nakamura T, Nakagawa T, Nakagawa M.
Clinical evaluation of hypertrophic cardiomyopathy by myocardial scintigraphy
using â€˜231-labelledI5-(p-iodophenyl)-3-R,S-methylpentadecanoic acid ( 123l
BMIPP). NuclMed Com,nun. 1994:15:441-447.

I I. Kobayashi H, Nakata T, Han S. Ct al. Fatty acid metabolic and perfusion
abnormalities in hypertrophied myocardium assessed by dual tracer tomography

using thallium-20l and iodine-123-beta-methylpentadecanoic acid [in Japanese].
J Cardiol.1994:24:35â€”43.

12. Takeishi Y, Chiba J, Abe S. Tonooka I, Komatani A. Tomoike H. Heterogeneous
myocardial distribution of iodine-l23 l5-(p-iodophenyl)-3-R.S-methylpentadeca
noic acid (BMIPP) in patients with hypertrophic cardiomyopathy. Eur J Nucl
Med. 1992:19:775â€”782.

13. Ohtsuki K, Sugihara H, Ito K, et al. The characteristic feature of myocardial
imaging with â€˜2@I-1abeledl5-(p-iodophenyl)-3-R,S-methylpentadecanoic acid in
hypertrophic cardiomyopathy with asymmetric septal hypertrophy [in Japanese].
Kaku Igaku. 1995:32:377â€”385.

14. Tadamura E, Kudoh T, Hattori N, et al. Impairment of BMIPP uptake precedes
abnormalities in oxygen and glucose metabolism in hypertrophic cardiomyopathy.
J Nucl Med. 1998:39:390â€”396.

2012 THE JOURNALOF NUCLEARMEDICINEâ€¢Vol. 40 â€¢No. 12 â€¢December 1999



15. Chen SL, Uehara T, Morozumi 1, Yamagami H, Kusuoka H, Nishimura 1.
Myocardial metabolism of â€˜231-BMIPPin patients with hypertrophic cardiomyopa
thy: assessment by radial long-axis SPECT. Nucl Med Commun. 1995:16:336â€”
343.

16. Nishimura 1, Nagata S. Uehara T, et al. Prognosis of hypertrophic cardiomyopa
thy: assessment by Â°l-BMIPP (beta-methyl-p-(Â°1)iodophenyl pentadecanoic
acid) myocardial single photon emission computed tomography. Ann Nuci Med.
1996; 10:71â€”78.

17. Maron BJ, Epstein SE. Hypertrophic cardiomyopathy: a discussion of nomencla
tare.Am J Cardiol.l979;43:1242â€”l244.

18. Maron BJ. Asymmetry in hypertrophic cardiomyopathy: the septal to free wall

thickness ratio revisited. Am I Cardiol. 1985:55:835â€”838.
19. Shapiro LM, McKenna WJ. Distribution of left ventricular hypertrophy in

hypertrophic cardiomyopathy: a two-dimensional echocardiographic study. J Am
Coil Cardioi. 1983;2:437â€”444.

20. Maron BJ. Goudiener JS, Epstein SE. Patterns and significance of distribution of
left ventricular hypertrophy in hypertrophic cardiomyopathy: a wide angle, two
dimensional echocardiographic study of 125 patients. Am J Cardioi. 1981 :48:4 18â€”

428.
21. Garcia E@, van Train K, Maddahi J, et al. Quantification of rotational thallium

201 myocardial tomography. J Nucl Med. 1985:26:17â€”26.
22. Tadamura E, Tamaki N, Matsumori A, et al. Myocardial metabolic changes in

hypertrophic cardiomyopathy. I Nuci Med. I996:37:572â€”577.
23. Kuribayashi T, Roberts WC. Myocardial disarray atjunction of ventricular septum

and left and right ventricular free walls in hypertrophic cardiomyopathy. Am Jâ€¢
Cardiol. 1992:70:1333â€”1340.

24. Yamamichi Y, Kusuoka H, Morishita K, et al. Metabolism of iodine-123-BMIPP

in perfused rat hearts. J Nucl Med. 1995:36:1043â€”1050.
25. Fujibayashi Y, Nohara R, Hosokawa R, et al. Metabolism and kinetics of

iodine-I23-BMIPP in canine myocardium. J Nuci Med. 1996:37:757â€”76I.

CHARACTERISTICS OF BMIPP IMAGES IN HCM â€¢Ohtsuki et at. 2013


