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Detection of impaired fatty acid metabolism in right ventricular hypertrophy:
Assessment by 1-123 S-methyl iodophenyl pentadecanoic
acid (BMIPP) myocardial single-photon emission computed tomography
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Fatty acid metabolism has been reported to be impaired earlier than myocardial blood flow in left
ventricular hypertrophic myocardium, e.g., in hypertrophic cardiomyopathy or hypertensive heart
disease. The purpose of this study was to determine whether impaired fatty acid metabolism also
occurs in right ventricular (RV) hypertrophy. The subjects consisted of 6 patients with chronic
obstructive pulmonary disease, 4 with primary pulmonary hypertension, 2 each with refractory
pulmonary tuberculosis, tricuspid insufficiency, pulmonary embolism, 1 each with atrial septal
defect, ventricular septal defect (Eisenmenger complex), Ebstein anomaly, and endocardial defect,
and 7 healthy controls. SPECT imaging with T1-201 (T1) and I-123 -methyliodophenyl pentadecanoic
acid (BMIPP), and Tc-99m RBC first pass and gated blood pool scintigraphy were performed.
Based on Tl planar images, the subjects were classified into 3 groups: 7 patients with no RV
visualization (Group A), 11 with moderate RV visualization (Group B) and 9 with marked RV
visualization (Group C). As a semi-quantitative evaluation by T1 myocardial SPECT, 3 regions in
3 representative short axial images were divided into 9 segments, each of which was graded from
0 to +3, and their sum was calculated as the RV score. The right ventricular ejection fraction (RVEF)
and the left ventricular ejection fraction were obtained by Tc-99m RBC cardiac scintigraphy. The
groups with marked visualization of the right ventricle had lower RVEF (p < 0.01), and there was
a good correlation between the RVEF and the RV score with both Tl and BMIPP (T1: r =-0.79,
BMIPP: r = —0.70). Although a good correlation was demonstrated between the RV score with Tl
and BMIPP in Groups A and B (r = 0.86, p < 0.001), in Group C, in which there was marked RV
TI visualization, the RV score with BMIPP was significantly smaller than with T1 (BMIPP vs. Tl:
11.5+ 3.7 vs. 16.4 £ 3.8, p < 0.01). These findings suggest that impaired fatty acid metabolism may
exist in severely hypertrophic right ventricle due to RV overload.
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INTRODUCTION

THE MAIN ENERGY SOURCES of the myocardium are fatty
acids and glucose. Since f-oxidation of fatty acids is a
highly efficient source of energy, healthy myocardium
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with a sufficient oxygen supply depends on fatty acid
metabolism for more than 80% of its energy supply. Fatty
acid metabolism in the myocardium has been convention-
ally estimated by measuring the level of lactic acid and
oxygen consumption in blood samples from the coronary
sinus.'? Clinical application of I-123 B-iodophenyl
pentadecanoic acid (BMIPP) has enabled evaluation of
fatty acid metabolism by SPECT images. *°'T1 (T1) and
BMIPP myocardial SPECT studies in hypertrophic
cardiomyopathy and hypertensive heart diseases have
revealed that metabolic abnormalities precede the
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occurrence of blood flow abnormalities in hypertrophic
left ventricular myocardium.** These findings indicate
that BMIPP myocardial SPECT is useful for the early
detection of lesions, or predicting outcome, and follow-up
observation.58

Cohen et al.® were the first to use Tl myocardial
scintigraphy to evaluate right ventricular overload, and
since then many studies have demonstrated its usefulness.
In the present study, BMIPP scintigraphy was performed
on patients with heart disease who had right ventricular
hypertrophy, and compared with Tl scintigraphy to exam-
ine whether BMIPP myocardial scintigraphy would be
useful for evaluating right ventricular overload. We also
investigated whether the impaired fatty acid metabolism
often observed in the left ventricle might exist in hyper-
trophic right ventricular myocardium.

MATERIALS AND METHODS

Patient selection

The subjects were 20 patients with right ventricular hy-
pertrophy secondary to right ventricular overload (9
men and 11 women, mean age: 65.5 £ 14.4 years) and 7
healthy controls (3 men and 4 women, mean age: 70.1
3.2 years). There were 6 patients with chronic obstructive
pulmonary disease, 4 with primary pulmonary hyperten-
sion, 2 each with refractory pulmonary tuberculosis, tri-
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Fig. 1 Schematic representation of short-axis views at the
basal, middle and apical levels of the right ventricle. LV = left
ventricle, RV = right ventricle

cuspid insufficiency and pulmonary embolism, and 1
each with atrial septal defect, ventricular septal defect
(Eisenmenger complex), Ebstein anomaly and endocar-
dial defect.

Data acquisition

Under fasting conditions, Tl 74 MBq and BMIPP 111
MBq were intravenously injected on different days within
one week, and planar and SPECT imaging were per-
formed about 20 min after the injection. The best septal
left anterior oblique (LAO) image was obtained at a preset
time of 300 sec, and SPECT images were obtained during
180° rotation from 45° LAO to 45° right anterior oblique
(RAO) at 25 sec at each step, and corrected for scattered

-radiation by the triple energy window method.!® After

intravenous injection of Tc-99m RBC (in vivo labeling)
with 925 MBq, cardiac scintigraphy was performed at
RAO 30° by the first pass method, then at the best septal
LAO image was obtained by the multi-gated method.

Data analysis

The right ventricular ejection fraction (RVEF) was ob-
tained by the first pass method, and the left ventricular
ejection fraction (LVEF) by the multi-gated method.
Based on the T1 planar images, the subjects were classified
into 3 groups by the modified method of Cohen et al.,” and
semi-quantitative evaluation of RV visualization by
SPECT was performed. As shown in Fig. 1, the three
regions of the basal, mid-ventricular, and apical short
axial SPECT images were divided into 9 segments, each
of which was graded from 0 to +3 (0: no visualization of
the right ventricle, + 1: slight visualization of the right
ventricle, +2: visualization of the right ventricle but lower
uptake than the left ventricular free wall, +3: visualization
of the right ventricle and similar or higher uptake than the
left ventricular free wall), and their sum was calculated to
obtain right ventricular (RV) scores. The RV visualiza-
tion was scored by three physicians in conference with no
knowledge of the patients background.

Statistical analysis

The results are expressed as the means £ SD. Regression
lines were calculated by the least-squares method. Differ-
ences between groups were examined by the one-way

Table 1 Patient characteristics

Group A Group B Group C p-value
No. of patients 7 11 9
Age 70.1+3.2 712178 58.6%17.2 NS
RVEF 53.7t6.1 376+74 23.2+8.2 p<0.01
LVEF 609+ 11.4* 510171 438+ 11.5* p < 0.05*
RV score (TI) 1.6+1.8 64121 16.4+3.8 p < 0.001
RV score (BMIPP) 24128 72126 11.5+3.7 p < 0.001

RVEEF: Right ventricular ejection fraction, LVEF: Left ventricular ejection fraction, RV score: Ri ght

ventricular score
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Fig. 3 Correlation between RV score and right ventricular ejection fraction by Tl myocardial SPECT

(a) and BMIPP myocardial SPECT (b).

analysis of variance or Kruskal-Wallis test. Differences
between Tl and BMIPP RV scores in each group were
examined by the paired t-test. A value of p < 0.05 was
considered significant.

RESULTS

Based on visual evaluation of Tl planar images, the
subjects were classified into 3 groups as shown in Table
1. Group A consisted of 7 healthy subjects without visu-
alization of the right ventricle; Group B consisted of 11
patients with visible images of the right ventricle at lower
intensities than that of the left ventricle; and Group C
consisted of the remaining 9 patients with a more promi-
nent right ventricle image than the left ventricle image.
Groups A, B and C were compared with regard to LVEF
and RVEF (Fig. 2). The mean LVEF was 60.9+ 11.4% in
Group A, 51.0£7.1% in Group B and 43.8 £ 11.5% in
Group C, showing a tendency to a reduction toward Group
C (Fig. 2a). Mean RVEF was 53.7 £ 6.1% in Group A,
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37.6£7.4% in Group B, and 23.2 + 8.2% in Group C, with
significantly lower values in the groups with clearer
visualization of the right ventricle (p < 0.01, Fig. 2b). The
relationship between the RVEF and the RV score was
examined by Tl and BMIPP myocardial SPECT, and
good negative correlations were found, with correlation
coefficients of —0.79 with Tl and —0.70 with BMIPP (Fig.
3a, b). The RV scores for Tl and BMIPP were compared
in all subjects. As shown in Fig. 4, there was a good
correlation between Tl and BMIPP RV scores (y = 0.6x
+2.29,r=0.85, p < 0.001). The Tl and BMIPP RV scores
for each group were compared. The mean Tl vs. BMIPP
RV scores were 1.6 + 1.8 vs. 2.4+ 2.8 in Group A, and 6.4
2.1 vs.7.212.6in Group B. The differences between the
RV scores in these two groups were not significant, but, in
Group C, which showed marked visualization of the right
ventricle, the mean T1 vs. BMIPP RV scores were 16.4 +
3.8 vs. 11.5 £ 3.7, with BMIPP showing a significantly
smaller RV score (p < 0.01, Fig. 5).
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Fig. 5 Comparison between RV scores by Tl and BMIPP
myocardial SPECT in each group.

Case report 1

The patient was a 47-year-old female with primary pul-
monary hypertension. Mean pulmonary artery pressure
was 74 torr, and systolic pressure in the right ventricle was
112 torr. RVEF was 26%. The right ventricular myocar-
dium was significantly hypertrophic. The reduction in
uptake at the apex of the right ventricle was assessed by
BMIPP myocardial SPECT, and the results were clearly
differed from those obtained by Tl myocardial SPECT
(Fig. 6).

Case report 2

The patient was a 48-year-old female with primary pul-
monary hypertension. Pulmonary artery pressure was
105/39 torr (mean, 67 torr), and the RVEF was 10%.
There was less uptake in the free wall of the right ventricle
in BMIPP myocardial SPECT than in Tl myocardial
SPECT (Fig. 7).
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Tl BMIPP

Fig. 6 Case 1. A 47-year-old female with primary pulmonary
hypertension. The mean pulmonary artery pressure was 74 torr,
and the right ventricular ejection fraction was 26%. The uptake
in the apical right ventricular myocardium was reduced by
BMIPP myocardial SPECT, compared with 2*'T].

Tl BMIPP

Fig. 7 Case 2. A 48-year-old female with primary pulmonary
hypertension. Mean pulmonary artery pressure was 67 torr, and
the right ventricular ejection fraction was 10%. Reduced BMIPP
uptake was seen in the free wall of the right ventricle, compared
with T

DISCUSSION

Impaired fatty acid metabolism in the myocardium has
been estimated by measuring the level of lactic acid and
oxygen consumption in blood samples from the coronary
sinus."? Basic studies and clinical application of BMIPP
have enabled evaluation of fatty acid metabolism in the
myocardium by means of SPECT images.'"'* Tl and
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BMIPP myocardial scintigraphic studies of the hyper-
trophic left ventricular myocardium in patients with
hypertrophic cardiomyopathy and hypertensive heart
diseases have revealed that the metabolic abnormalities in
the hypertrophic myocardium precede the occurrence of
abnormalities in the blood flow findings.> In particular,
there have been reports showing that the reduction of
BMIPP uptake at hypertrophic sites in hypertrophic
cardiomyopathy reflects abnormal fatty acid metabolism,
and it has been noted that this reduction in BMIPP uptake
may be caused by the limitation of coronary flow re-
serve.'>'"® Furthermore, a reduction in IPPA uptake in
hypertrophic left ventricular myocardium has also been
reported.?® These findings indicate that SPECT with fatty
acid analogs is useful for early detection, and follow-up of
hypertrophic myocardium.5*

Cohen et al.!® were the first to use Tl myocardial
scintigraphy to evaluate right ventricular overload, and
since then many studies have confirmed its useful-
ness.?2* Since RVEF obtained by the first pass method is
closely correlated with right ventricular systolic pressure
and mean pulmonary artery pressure, it can be assumed
to be a parameter that reflects right ventricular after-
load.?*?” Thus, in the present study we used RVEF as a
parameter of right ventricular after-load, and investigated
whether BMIPP myocardial SPECT could be used to
evaluate right ventricular overload as with Tl myocardial
SPECT, and then assessed whether metabolic disorders
could be detected earlier in the right ventricular myocar-
dium by BMIPP. In diseases accompanied by abnormal
right ventricular overload, BMIPP imaging of the right
ventricle yielded a good negative correlation with RVEF,
as does TI, and thus BMIPP myocardial SPECT was
considered useful in evaluating right ventricular over-
load. We examined many cases of pulmonary disease. All
these patients belonged to Group B, and showed no
reduction in BMIPP uptake. Because their blood oxygen
saturation was over 90 percent with oxygen therapy, in
this study we cannot argue that there is a relationship
between the reduction in BMIPP uptake and a decline in
blood oxygen saturation. Only in Group C, with marked
visualization of the right ventricle, representing severe
conditions according to the classification of Cohen et al.,
was the RV score with BMIPP smaller than with T,
indicating a difference in uptake. In this group, right
ventricular hypertrophy is concentric and a diffuse reduc-
tion in BMIPP uptake was seen in the free wall ventricle
in many cases. RVEF declined successively in Groups A,
B and C. Because the reduction in BMIPP uptake was
demonstrated, the decline in right ventricular contractility
may be therefore produced by both the after load and the
impaired fatty acid metabolism.

In animal experiments, enlargement and hypertrophy
of the right ventricle have been shown to occur secondary
to an increase in pulmonary arterial pressure, leading to
reduced coronary reserve function, a condition similar to
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ischemia.”-** Schulman et al.* tried to detect ischemia in
hypertrophic myocardium of the right ventricle by Tl
myocardial scintigraphy by using dipyridamole, but failed
to reach definite conclusions, and suggested detecting
ischemia by examining blood flow and metabolism in the
right ventricle by means of positron emission tomography.
The usefulness of BMIPP myocardial SPECT in ischemic
heart disease and hypertrophic heart disease is well estab-
lished.* Moreover, the reduction in BMIPP uptake in the
right ventricular myocardium becomes marked in se-
verely hypertrophic right ventricular myocardium, sug-
gesting abnormal metabolism in the myocardium of the
right ventricle. This may be due to hypertrophy of the
myocardium itself or ischemia caused by both hyper-
trophic myocardium and the reduction in coronary flow
reserve.

In conclusion, we succeeded in demonstrating these
conditions in the right ventricle by metabolic imaging for
the first time. Further studies are needed to investigate the
difference in uptake of Tl and BMIPP in hypertrophic
right ventricular myocardium in relation to pressure and
volume overload.
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