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Abstract

Background : Late gadolinium-enhanced (LGE) magnetic resonance imaging (MRI) has been found to be a
highly valuable imaging modality for myocardial characterization in cases of hypertrophic cardiomyopathy
(HCM). In addition, abnormalities of BMIPP uptake have also been recognized in HCM. In this study, we
hypothesized that abnormalities of fatty acid uptake and metabolism may be detected before fibrosis can be recog-
nized on cardiovascular MRI in patients with HCM.

Methods and Results : Twenty-four patients with HCM were examined by both BMIPP myocardial fatty
acid imaging and LGE MRI, and the results of the two imaging methods were compared. BMIPP uptake abnor-
malities were recognized in 23 of the 24 HCM patients (95.8%) and 126 out of the 408 segments (30.9%) exam-
ined, and were most frequently located in the interventricular septum and anterior wall of the left ventricle, the
inferior wall and apex of the heart. Areas of LGE were recognized in 18 of the 24 HCM patients (75%) and 50 of
the 408 segments (12.2%) examined, and were most frequently located in the interventricular septum of the left
ventricle. Double-positive results of both BMIPP uptake abnormalities and LGE were recognized in 18 of the 24
cases (75.0%) and 45 of the 408 segments (11.0%) examined. Double-positive results were noted most fre-
quently in the interventricular septum of the left ventricle and the anterior wall.

Conclusion : The areas showing BMIPP uptake abnormalities were more extensive than those showing LGE
on MRI. In addition, the positivity rate for BMIPP uptake abnormalities in areas showing LGE on MRI was con-
siderably higher than that of LGE positivity in areas positive for BMIPP uptake abnormalities. These results are
not contradictory to our hypothesis. Therefore, differences between the examination methods in terms of the
extent and positivity rate in cases of HCM may be related to the stage of progression of the cardiac muscle cell
damage in cases of HCM. Thus, the use of both examinations together might be useful in the evaluation of the
stage of disease progression in cases of HCM.
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Introduction

Cardiovascular magnetic resonance imaging (MRI)
has been reported as a useful imaging modality for obser-
vation of the cardiac morphology and has shown high
reproducibility in cardiac function analyses. In addi-
tion, late gadolinium-enhanced (LGE) MRI has also been
shown to be highly valuable for the detection of infarcted
myocardium and the prediction of the post-infarct myo-
cardium viability in cases of ischemic heart dis-
ease'”.  Abnormalities have been reported to be observed
at a high frequency on LGE-MRI in cases of hypertrophic
cardiomyopathy (HCM). More recently, it was demon-
strated that areas showing LGE on the MR images in these
cases corresponded to areas of myocardial fibrosis as
assessed by histopathological examination®”. On the
other hand, BMIPP ("I 15-(p-iodophenyl)-3-(R,S)-
methylpentadecanoic acid) myocardial fatty acid imaging
is a nuclear imaging modality used to evaluate changes
of the fatty acid metabolism in myocardial cells. BMIPP
uptake abnormalities are known to arise from disordered
fatty acid metabolism in ischemic heart muscle”. In
addition, BMIPP uptake abnormalities have also been
frequently recognized in cases of HCM, and in these
cases also, the abnormalities are assumed to arise from
disordered cardiac muscle cell fatty acid metabo-
lism”. While several mechanisms have been proposed
to explain the pathogenesis of cardiac muscle cell dam-
age in cases of HCM, no consensus has been arrived
at”.  Reports comparing the results of LGE-MRI with
those of BMIPP myocardial fatty acid imaging in cases
of HCM are almost non-existent”. We hypothesized
that abnormalities of fatty acid uptake and metabolism as
evaluated by BMIPP imaging may be detected even
before fibrosis can be recognized as positive enhance-
ment on LGE MR images in patients with
HCM. Therefore, in this study, we compared the results
of LGE-MRI with those of BMIPP myocardial fatty acid
imaging in cases of HCM, and reviewed the usefulness
of combining the two imaging methods to evaluate the
stage of progression of cardiac muscle cell damage in
cases of HCM.

Methods

Twenty-four patients (17 men and 7 women ; average
age, 57.4x11.9 years) with hypertrophic cardiomyopathy
participated in the study, and were examined by both
BMIPP myocardial fatty acid imaging and LGE-MRI at
Tokyo Medical University Hospital during the five-year
period from April 2001 to April 2006. Both examina-
tions were performed within one month of each
other. Informed consent was obtained from all of the
patients and/or their families for participation in the
study.
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Table 1 Patients’ clinical characteristics

Age 57.4+11.9
Male/Female 17/7
symptoms

dyspnea 8

chest pain 2

chest oppression 2

faintness 2

presyncope 1

none 9
Findings of MRI

EDV (ml) 81.7427.3

EF (%) 61.0+18.5

LV mass (g/m?) 179.1£70.9
Holter ECG

VT (+)/VT (—) 6/18
Findings of UCG

A/E 1.17+0.44
Neurohormonal factors

BNP (pg/ml) 208.74+247.6

CMR, cardiovascular magnetic resonance ; EDV, end-dia-
stolic volume ; EF, ejection fraction ; LVM, Left ventricular
mass ; ECG, electrocardiogram ; VT, ventricular
tachycardia ; UCG, echocardiography ; A/E, atrial contrac-
tion wave/early diastolic wave

In all subjects, the cause of the myocardial hypertro-
phy was somewhat unclear, and the diagnosis of HCM
was based on the presence of LV hypertrophy without
cavity dilatation (maximum wall thickness >15 mm), as
well as the absence of other cardiac or systemic disease
capable of producing the degree of hypertrophy evident
in each patient® '”. In addition, coronary angiography
revealed no coronary artery lesions in any of the patients,
and secondary myocardial disease was ruled out through
a myocardial biopsy. Old myocardial infarction, end-
stage HCM, and apical hypertrophic cardiomyopathy
were ruled out by careful history-taking. The subjects’
clinical backgrounds are shown in Table 1. We
reviewed the status of the areas that were negative on
LGE-MRI but positive for BMIPP uptake abnormalities
on SPECT ; the final decision of a positive or negative
rating was reached through consensus among 3 indepen-
dent cardiologists blinded to other study data.

BMIPP Myocardial Fatty Acid Imaging.

Myocardial fatty acid imaging was performed using a
"»I-BMIPP system (Nihon Mediphysics, Nishinomiya,
Japan). After the patient had fasted overnight, 111MBq
of '"“I-BMIPP was administered intravenously while the
patient rested, and the imaging scans were acquired
20-30 min after the injection'”. Data were acquired
with a 2- or 3-detector gamma camera equipped with a
low-energy high-resolution parallel multi-hole collima-
tor (Prism 2000XP or Prism 3000XP, Picker ; Cleveland,
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OH, USA) for 180~ or 360-degree arcs. Single-photon
emission computed tomography (SPECT) images were
reconstructed from the data by a data processor (Odyssey
VP, Picker) equipped with a Butterworth filter and a
ramp filter. Each non-gated SPECT image was evalu-
ated visually by 3 experts blinded to the clinical history
and results of the LGE-MRI in the patients as positive or
negative based on the presence absence of BMIPP uptake
In the assessment of the SPECT images,
a 17-segment model was used in accordance with the
AHA Scientific Statement'".
3 short-axis slices from the basal, middle and apical parts
of the left ventricle, as well as in the long-axis images,
we judged the degree of integration in the 17 segment
model.

Cardiovascular MRI protocol

Cardiovascular MR imaging was performed with a
Magnetom Avanto and Magnetom Symphony (Siemens,
Erlangen, Germany, 1.5T whole-body MR system). A
phased-array body coil and spine coil were used, with
the subject in the supine position. After localizations,
cine segmented balanced steady-state free precession
images were acquired for long-axial, short-axial and
4-chamber views.
shown in Table 2. For each slice, single-slice imaging
was acquired during a single breath-hold. In the long-
axis view cine image, 8 to 10 slices of the short-axis
view and 4-chamber view images were captured using
the steady-state free precession method. The cardiac
function analysis was input into the integral work station

abnormalities.

In the reconstitution of the

The typical scan parameters are

Argus together with 8-10 short-axis slices taken at inter-
vals of 8 mm. LGE imaging was started 10 min after
the intravenous administration of gadolinium-DTPA
(0.15 mmol/kg, Magnevist, Japan Schering, Osaka,
Japan). LGE images were acquired using the inversion-
recovery segmented spoiled gradient-echo and phase-
sensitive inversion recovery methods in long-axial,
2 For each patient,
the optimal inversion time was determined from the TI-
Scout sequence which was executed immediately before

short-axial and 4-chamber views

Table 2 Typical scan parameters of Cine MRI and LGE-MRI

Cine LGE

Method steady-state free preces- spoiled gradient-
sion echo

Bandwidth 930 Hz/pixI 130 Hz/pixl
TE 1.13 ms 4.18 ms
TR 2.26 ms 16.32 ms
Flip angle 70° 30°
FOV 340 mm X 87.5% 340 mm X 87.5
Image matrix 192X 168 256 X179
Voxel size 1.8 X 1.8 mm 1.7X 1.3 mm
Slice thickness 8 mm 8 mm
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the LGE imaging. To judge the presence or absence of
LGE, we defined regions of interest (ROI) as large as
possible in each segment of the myocardium and calcu-
As a control,
we measured the signal intensity of skeletal muscle at 17

lated the signal intensity in each segment.

points in the same film. The mean signal intensity of
the skeletal muscle was 15.64+2.31.
papers in what the value of the signal intensity from non-
infarct area is used as control to evaluate myocardial
infarction area with LGE-MRI. However, in HCM a
small amount of interstitical fibrosis, the area of which is
not so hypertoropic is generally recognized. Therefore

There are some

it is difficult to distinguish apparently normal areas from
such areas with small amounts of interstitical fibro-
sis.  We think that it is not suitable to employ myocar-
dium as a control in HCM.  Therefore we used the value
of signal intensity from skeletal muscles as the control in
this study. As in a previous report'”’, we defined a mean
signal intensity of the value in the skeletal muscle +2 SD
as the threshold value, and defined any segment of myo-
cardium with a signal intensity higher than this threshold
as LGE-positive. The mean signal intensity in the
LGE-positive segments was 46.1+31.3, while that in the
LGE-negative segments was 12.9+5.3, indicating a sig-
nificant difference between the two (P<3.55X 10°°).

The assessment of the presence or absence of LGE
was conducted in 17 segments in a similar manner to that
in the BMIPP myocardial fatty acid imaging.

Continuous data were presented as the average=+standard
deviation. Paired #-tests were performed to evaluate the
differences between groups. Differences with a P value
of <0.05 were considered to be statistically signifi-
cant. The study protocol was approved by the ethics
committee of our institution, and informed consent was
obtained from each patient.

Results

1) Frequency of reduced BMIPP uptake (BMIPP-

positive)

We determined that 23 of the 24 HCM patients were
BMIPP-positive (95.8%). BMIPP uptake abnormalities
were recognized in 126 out of the 408 segments (30.9%)
examined, and most frequently in the interventricular
septum of the left ventricle and anterior wall (segments 1,
2,3, 7,8, 13), the inferior wall (segments 4, 10, 15) and
the apex of the heart (segment 17). The distribution of
the BMIPP uptake abnormalities in the 17-segment
model is illustrated in Fig. 1.

2) Frequency of enhancement on LGE-contrast

MRI (LGE-positive)

We recognized LGE-positive areas in 18 of the 24
HCM patients (75%). Enhancement was recognized in
50 of the 408 segments (12.2%) examined, most fre-
quently in the interventricular septum of the left ventricle
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Fig. 1 Distribution of the BMIPP uptake abnormalities in the

17-segment model.

(segments 2,8,14). The distribution of LGE in the
17-segment model is shown in Fig. 2.
3) Comparison of the distribution between
BMIPP uptake abnormalities and LGE on
MRI.
(a) Patients and segments that were both BMIPP -posi-
tive and LGE-positive. (Fig. 3)

Areas that were both BMIPP-positive and LGE-posi-
tive were recognized in 18 of 24 cases (75.0%) and 45 of
all the 408 segments (11.0%) examined. Double posi-
tivity was recognized most frequently in the interventric-
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Fig. 2 Distribution of LGE in the 17-segment model.

ular septum of the left ventricle (segments 2, 8 and 9)
and the anterior wall (segments 7 and 13) (Fig. 4).

(b) Patients and segments that were both BMIPP-

positive and LGE-negative. (Fig. 5)

Twenty-one of the 24 cases (87.5%) and 80 of the 408
segments examined (19.6%) showed a combination of
BMIPP positivity and LGE negativity. Such BMIPP
positive and LGE negative findings were most frequently
located in the inferior wall (segments 4, 10, and 15) and
the apex of the left ventricle (segment 17) (Fig. 6).

(A)LGE-MRI BMIPP B) LGE-MRI ~ BMIPP

Middle

Fig. 3

(A); 63-year-old woman, (B); 56-year-old woman.

Three short-axial images of LGE and BMIPP are shown.
abnormalitiest+enhancement on LGE-MRI) were recognized.

Double positive findings (BMIPP uptake
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Fig. 4 Distribution of the areas showing both of BMIPP uptake
abnormalities and LGE in the 17-segment model.

LGE-MRI BMIPP
g

Base

Middle

Fig.5 43-year-old woman.
Positive BMIPP uptake abnormalities seen in areas show-
ing negative enhancement on LGE-MRI.

Number
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Left ventricular segments

Fig. 6 Distribution of the areas showing BMIPP uptake abnor-
malities but no LGE in the 17-segment model.

(¢) Patients and segments that were BMIPP-neg-
ative (normal BMIPP uptake) and LGE-posi-
tive. (Fig. 7)

Two of the 24 patients (8.3%) and 5 of the 408 seg-
ments (1.3%) showed a combination of BMIPP negativ-
ity and LGE positivity. (Fig. 8)

(d) BMIPP-negative and LGE-negative.

A double-negative result, that is, both BMIPP-nega-
tive and LGE-negative, was seen in only one patient.

LGE-MRI  BMIPP

Base

Middle

Apical

Fig. 7 48-year-old man.
Areas showing negative result on BMIPP myocardial fatty
acid imaging but positive enhancement on LGE-
MRI. The LGE-positive areas were extremely small,
and detection of such small areas by SPECT may have
been difficult. (Arrows)

Number
of patients

[ 1l [11]

Lelt ventricular segments

Fig. 8 Distribution of areas showing no BMIPP uptake abnor-
malities but LGE in the 17-segment model.
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Discussion

In this study, areas showing BMIPP uptake abnormali-
ties and enhancement on LGE-MR imaging were most
frequently recognized in the interventricular septum in
the HCM patients. However, the areas showing BMIPP
uptake abnormalities were more extensive than those
showing enhancement on the LGE-MR imaging. In
addition, the frequency of BMIPP-positive cases was
higher than that of LGE-positive cases.

In general, BMIPP uptake abnormalities are recog-
nized at a high frequency in HCM patients ; this is pre-
sumed to be related to the disordered fatty acid metabo-
lism in hypertrophic cardiac muscle cells'*'®. BMIPP
is a marker of metabolic alteration, because the degree of
BMIPP uptake closely reflects the myocardial ATP con-
centration'”"® as well as the mitochondrial and cell mem-
brane functions'”.  Thet-Thet-Lwin et al*” reported that
the cardiac muscle uptake of BMIPP in a hamster model
of cardiomyopathy was lower than that in normal ham-
sters. In addition, light microscopy and electron
microscopy also demonstrated slight interstitial fibrosis
and ultrastructural changes in the mitochondria in the
hamster model of cardiomyopathy. Okazaki et al*"
reported using compartment model analysis for human
cardiac BMIPP metabolism, that BMIPP SPECT might
be useful to detect subtle changes in the fatty acid metab-
olism of the cardiac muscle cells in patients with HCM,
not only for the diagnosis of HCM in its very early
stages, but also for the evaluation of its progres-
sion.  According to Ohtsuki, BMIPP uptake abnormalities
are recognized at the highest frequency in the right ven-
tricular attachment area and apex of the heart, and they
strongly suspect that disordered fatty acid metabolism in
cardiac muscle cells is prominent in these areas''®.

On the other hand, Kim reported, from a myocardial
infarction experiment conducted using a canine model,
that LGE-positive areas on MR imaging coincided with
the infarct area determined histopathologically"”. Sub-
sequently, LGE-MRI was reported to be useful for evalu-
ating the characteristics of myocardial infarct lesion and
the viability of post-infarct myocardium?®. On the other
hand, in the case of HCM, LGE-positive areas on LGE-
MRI are most often recognized at the site of right ventri-
cle attachment of the interventricular septum. In addi-
tion, the extent of the LGE-positive area on LGE-MRI
has been shown to positively correlate with the myocar-
dial wall thickness, and negatively correlate with the per-
cent thickening®.  Furthermore, the extent of the LGE-
positive areas on LGE-MRI has been recognized to be
greater during the stages of disease progression than after
the establishment of fibrosis, and also in cases with mul-
tiple risk factors for sudden cardiac death®. We had
previously demonstrated that in patients with HCM, the

THE JOURNAL OF TOKYO MEDICAL UNIVERSITY

Vol. 69 No. 1

LGE-positive areas on LGE-MRI were most frequently
recognized at the right ventricle attachment area of the
We also demonstrated a
decreased left-ventricular ejection fraction compared

interventricular septum.

with that in cases with extensive LGE-positive areas on
LGE-MRI.  We also reported that the frequency of posi-
tive findings on LGE-MRI and the number of segments
showing LGE positivity on LGE-MRI was greater in
cases with ventricular tachycardiacs compared with that
in those without ventricular tachycardia'®.

Kuribayashi et al reported, based on post-mortem
examinations of hearts from HCM patients, that the char-
acteristic histopathological changes, such as myocardial
disarray and fibrosis, were most pronounced in the right
ventricle attachment area of the interventricular sep-
tum**. In our study, double-positives (abnormal find-
ings on both BMIPP imaging and LGE-MRI) were
mainly observed in these same areas.

On the other hand, areas with BMIPP uptake abnor-
malities that did not show late enhancement were most
frequently found in the inferior wall ; this is considered
to be attributable to the influence of SPECT attenua-
tion. In areas other than the inferior wall, i.e., areas dis-
tant from the influence of SPECT attenuation, the fre-
quency of BMIPP uptake abnormalities in LGE-positive
areas was much greater than that of LGE positivity in
areas showing BMIPP uptake abnormalities (93% and
44%, respectively). In this study, we hypothesized that
abnormalities of fatty acid uptake and metabolism may
be detected before fibrosis can be recognized on LGE-
MR images in patients with HCM. Difference in the
positivity rates between the two examination methods
may be related to the stage of progression of the cardiac
muscle cell damage in cases with HCM. In other
words, our findings suggest that the metabolic disorder in
myocardial cells (evaluated by BMIPP) may be detected
before the resultant histologic changes during the course
of progression of the cardiac muscle cell damage in cases
of HCM. This is consistent with our hypothesis.

On the other hand, 2 patients and 5 segments in the
present study showed a combination of BMIPP negativ-
ity and LGE positivity. In both of the cases, the areas
showing this combination of findings were extremely
small, and detection of such small areas by SPECT might
have been difficult. Wagner et al reported a diagnostic
sensitivity of LGE-MRI and TI cardiac-muscle SPECT
for small subendocardial infarctions of 92% and 28%,
respectively, and suggested that the extreme difference in
spatial resolution between cardiac MRI and SPECT
could be the reason behind the inability to recognize
BMIPP uptake abnormalities in gadolinium enhance-
ment-positive segments®.

The differences in the frequency of positive findings
between BMIPP fatty acid metabolic imaging and LGE-
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MRI may reflect the stage of progression of the cardiac
muscle cell damage in HCM. In cases with large differ-
ences in the positivity rates between the two imaging
methods, cardiac muscle cell damage may be expected to
occur in the future, and this damage can be assessed his-
tologically. The results of our present study suggest that
the combined use of the two imaging methods might
yield important clinical information to allow identifica-
tion of cases with a poor prognosis and to estimate the
stage of progression of the disease. We further believe
that we have demonstrated the importance of combining
the in vivo findings of LGE-MRI and BMIPP fatty acid
metabolic imaging for understanding the stages in the
progression of the cardiac muscle abnormalities in HCM
and the relevance of such information in the actual clini-
cal situation.

However, it is necessary to prove this hypothesis with
a large number of examples and longer follow up.
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