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Abstract

A 42-year-old man was referred to our hospital due to chest pain, diabetes mellitus, and sensorineural hear-
ing loss. Transthoracic echocardiography revealed diffuse left ventricular hypokinesis. He was diagnosed with
mitochondrial disease and a c.A3243G mutation was identified in his mitochondrial DNA. This case of mito-
chondrial cardiomyopathy demonstrated a low uptake of “I-BMIPP, while the uptake of *"Tc-MIBI was pre-
served. In contrast, previous reports have noted the increased uptake of'”I-BMIPP and the decreased uptake
of ™ Tc-MIBI. This is the first study to show this unique *"Tc-MIBI/Z[-BMIPP mismatch pattern. We also
discuss the relationships among the cardiac scintigraphy, cardiac magnetic resonance imaging, and histopa-

thology findings.
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Introduction

Mitochondrial cardiomyopathy can manifest with various
cardiac phenotypes, such as left ventricle (LV) hypertrophy,
dilatation, wall motion abnormality, and lethal ventricular ar-
rhythmia; these symptoms range from subclinical to critical
conditions (1). The severity of myocardial dysfunction also
predicts the prognosis of patients with mitochondrial dis-
ease, which highlights the importance of noninvasive assess-
ment for myocardial dysfunction. Myocardial perfusion/me-
tabolism mismatch (the decreased uptake of technetium-99m
methoxyisobutylisonitrile [*"Tc-MIBI]/the increased uptake
of 123-labeled 15-4-iodophenyl-3-(R, S)-methyl-pentadeca-
noic acid [*I-BMIPP]) has been reported in patients with
mitochondrial cardiomyopathy (2, 3). However, the previous
studies did not compare the morphological images of pa-
tients with this condition.

In the present case, we compared images of myocardial
perfusion (*"Tc-MIBI scintigraphy), fatty acid metabolism
(""I-BMIPP scintigraphy), and morphology (cardiac mag-
netic resonance [CMR] and histology), and found that the
images of our patient, who had a mismatch between perfu-
sion and metabolism, were unique from those in the previ-
ous reports.

Case Report

A 42-year-old man (157 cm, 48.4 kg) was referred to our
hospital with left chest pain, diabetes mellitus, and sen-
sorineural hearing loss. His mother had diabetes mellitus;
however, she did not have hearing loss or cardiovascular dis-
ease. At admission, his blood pressure was 121/79 mmHg,
his heart rate was 82 beats/min with a regular pulse, and his
percutaneous oxygen saturation was 98% in room air. Al-
though systolic heart murmurs were audible at the base
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Figure 1.

B

The results of the physiological examinations. (A) Chest radiography reveals cardiomeg-

aly (cardiothoracic ratio, 59%) and mild pulmonary congestion. (B) An electrocardiogram reveals a
prominent R wave progression in V3-6 and a negative T wave in V5-6. (C, D) Transthoracic echocar-

diograms reveal the thickening of the left and right ventricle walls. The left ventricle ejection fraction

is 40%.

(4LSB), there was no jugular venous distention, and his
breathing  sounds normal. Hepatomegaly and
splenomegaly were not present, and there was no edema in
his extremities. Mild exophoria and intellectual deterioration
were observed.

Chest radiography revealed an increase in the cardiotho-
racic ratio (59%) and mild pulmonary congestion (Fig. 1A).
Twelve-lead electrocardiography detected a normal sinus
rhythm and a high amplitude R wave with an inverted T
wave in the left lateral precordial leads (Fig. 1B). Transtho-
racic echocardiography detected thickening of the LV walls
(septum, 16 mm; posterior wall, 16 mm), as well as thicken-
ing of the right ventricle (RV) free wall, the slight dilatation
of the LV (LV end-diastolic diameter, 54 mm) and diffuse
LV systolic dysfunction (ejection fraction, 40%; using Simp-
son’s method) (Fig. 1C and D). The pressure gradient of the

were

tricuspid regurgitation was 47 mmHg.

His levels of troponin T and N-terminal pro-brain natriu-
retic peptide were elevated to 0.107 ng/mL and 1,616 pg/
mL, respectively. His fasting glucose level was 172 mg/dL
and his glycated hemoglobin was 7.0%. The resting serum
and cerebrospinal fluid lactate concentrations had increased
to 27.0 mg/dL (normal range, 3-17 mg/dL) and 31.8 mg/dL
(normal range, 14-21 mg/dL), respectively. Brain computed
tomography and magnetic resonance imaging revealed
prominent calcification in the bilateral basal ganglia and
cerebellar atrophy. Mitochondrial cDNA sequencing detected
a c.A3243G mutation, and the patient was diagnosed with
mitochondrial disease.

To investigate the cause of his cardiac dysfunction, car-
diac catheterization was performed after medical treatment.
His pulmonary artery pressure was normal (31/11 mmHg,
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Figure 2. The histopathological findings. (A) A light micros-
copy image reveals interstitial fibrosis and hypertrophic myo-
cytes with vacuoles (Elastica-Masson staining, 100x). (B) An
electron microscopy image reveals an increased number of mi-
tochondria with variable sizes and shapes.

mean 18 mmHg) with an increase in the LV end-diastolic
pressure (20 mmHg). His cardiac index was preserved (3.08
L/min/m®), and the coronary angiography findings were nor-
mal. Left ventriculography revealed diffuse LV hypokinesis
(ejection fraction, 27%). Endocardial biopsy was performed
to obtain a sample of the interventricular RV wall. The mi-
croscopic findings revealed the rupture and degeneration of
the myocardial fibers, which were surrounded by fibrosis
(Fig. 2A). Electron microscopy detected an increase in the
number of mitochondria, which varied in size and morphol-
ogy (Fig. 2B).

The patient subsequently underwent resting *"Tc-MIBI
cardiac scintigraphy (600 MBq), and single-photon emission
computed tomography (SPECT) images were obtained at 60
minutes (the early phase) and 240 minutes (the delayed
phase) after the injection (4). In the early phase, the uptake
of ™ Tc-MIBI did not decrease (Fig. 3A). The heart-to-
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mediastinum ratio was 2.89 in the early phase and 2.79 in
the delayed phase, respectively. The global washout rate in
the delayed phase increased by 25% (normal range: 11 +
5%). The uptake of “"Tc-MIBI in the RV free wall appeared
to be enhanced in the early phase (Fig. 3A). “I-BMIPP (111
MBq) was administered intravenously, and SPECT images
were obtained at 35 minutes after the injection (5). The up-
take of '“I-BMIPP was decreased in the anterior, septal, and
inferior walls (Fig. 3B). CMR was performed to estimate
late gadolinium enhancement (LGE), which was observed
from the midmyocardium to the epicardium of the anterior
wall, as well as in the midmyocardium of the septal and in-
ferior walls (Fig. 3C). The LGE margin was obscure and its
intensity was inhomogeneous. The *"Tc-MIBI/'*I-BMIPP
mismatch pattern (non-decreased *"Tc-MIBI uptake/de-
creased I-BMIPP uptake) was confirmed via bull’s eye
mapping (Fig. 3D).

During the patient’s hospitalization, we treated his con-
gestive heart failure with furosemide. We prescribed
enalapril (2.5 mg/day) and carvedilol (1.25 mg/day) to ex-
pect preventive effect for the progression of cardiomyopa-
thy (6, 7).

Discussion

Mitochondrial cardiomyopathies elicit a complicated myo-
cardial dysfunction, which is not fully understood. This is
the first report to describe the relationship between myocar-
dial perfusion, metabolism, and morphology, and to reveal a
unique *"Tc-MIBI/#I-BMIPP mismatch pattern in a patient
with mitochondrial cardiomyopathy. Our imaging findings
revealed a decrease in the uptake of '“I-BMIPP, using LGE
in CMR as an anatomical reference. In contrast, previous
studies have reported an increase in the uptake of '“I-
BMIPP in mitochondrial cardiomyopathy (without providing
anatomical reference images). The mechanism underlying
this observation may be related mitochondrial respiratory
chain failure, which leads to the excessive production of
nicotinamide adenine dinucleotide (NADH), which then
causes an increase in the concentration of glycerol-3-
phospate (to oxidize the excess NADH) and ultimately leads
to increased levels of triglycerides. According to this mecha-
nism, '“I-BMIPP (a fatty acid analogue) is incorporated into
the cardiomyocytes’ pool of triglycerides (3, 8). In our pa-
tient, the distribution of the areas that showed a low uptake
of “"I-BMIPP was consistent with the distribution of LGE,
which suggests that the low uptake of '“I-BMIPP might be
correlated with the low number of viable myocytes or fibro-
sis, rather than an energy production from fatty acid me-
tabolism to the glycolytic pathway (as in other cardio-
myopathies). Thus, the extent of the “I-BMIPP uptake may
depend on the balance between the mitochondrial respiratory
chain failure and the viable myocyte mass, whereby the loss
of a certain number of myocytes might outweigh the in-
creased uptake of “I-BMIPP.

The uptake of ”"Tc-MIBI in the early phase was not de-
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Figure 3. Cardiac scintigraphy and cardiac magnetic resonance imaging. (A) The uptake of *™Tc-
MIBI is not decreased in the early phase. (B) The uptake of *I-BMIPP is decreased in the anterior,
septal, and inferior walls. (C) Late gadolinium enhancement (LGE) is observed from the midmyocar-
dium to the epicardium of the anterior wall, as well as in the midmyocardium of the septal and infe-
rior walls. (D) Bull’s eye mapping shows the **"Tc-MIBI/"*I-BMIPP mismatch pattern (non-de-
creased *™Tc-MIBI uptake/decreased '“I-BMIPP uptake). *™Tc-MIBI: technetium-99m
methoxyisobutylisonitrile. '>I-BMIPP: 123-labeled 15-4-iodophenyl-3-(R, S)-methyl-pentadecanoic

acid.

creased in this case. One of the interpretations of the pre-
served uptake of *"Tc-MIBI may be the presence of pre-
served blood flow and viable myocytes. In this case, the
unique LGE pattern (obscure margins and inhomogeneous
intensity) may reflect the scattered viable myocytes that
were surrounded by fibrosis, which were also detected in
our histological examination. This pattern is distinct from
the homogeneous LGE pattern that is observed in cases of
myocardial infarction. It is possible that the preserved myo-
cytes in the LGE-positive area affect the uptake of *"Tc-
MIBI. The volume effect of the thickening LV wall might
also explain the non-decreased uptake of *"Tc-MIBI (similar
to the effect in patients with hypertrophic cardiomyopathy)
and the enhanced uptake of ”"Tc-MIBI in the RV free wall.

Furthermore, the washout rate for “"Tc-MIBI increased in
this case, which is consistent with the findings of previous
studies (2, 3, 8). In this context, mitochondrial dysfunction
impairs the retention of the " Tc-MIBI tracer in myocytes,
which leads to an increased washout rate for “"Tc-MIBIL.
Nevertheless, our unique “"Tc-MIBI/*I-BMIPP mismatch
pattern (non-decreased “"Tc-MIBI uptake/decreased 'I-
BMIPP uptake) is distinct from the patterns in previous re-
ports (decreased " Tc-MIBI uptake/increased '“I-BMIPP up-
take) (2, 3). The ™" Tc-MIBI/'”I-BMIPP mismatch pattern in
the present case can be considered to be a nonspecific phe-
nomenon in patients with dilated cardiomyopathy (9). This
discrepancy may be related to the stages or diverse pheno-
types of mitochondrial cardiomyopathy.
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In conclusion, multimodality imaging allows us to evalu-
ate the relationship between myocardial perfusion, metabo-
lism, and morphology. Further studies are needed to eluci-
date the complex processes of myocardial damage in pa-
tients with mitochondrial cardiomyopathy.
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