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Abstract
Background 123I-metaiodobenzylguanidine (MIBG) myo-
cardial scintigraphy is one of only a few methods available
for objective evaluation of cardiac sympathetic function at a
clinical level. Disorders in cardiac sympathetic function
play an important role in various heart diseases, and MIBG
provides an abundance of useful information for evaluation
of disease severity, prognosis, and therapeutic effects; this
information is of particular value in patients with heart
failure, ischemic heart diseases, or arrhythmic disorders. On
the other hand, the quantitative indices for MIBG differ
between institutions, and evidence has not been sufficiently
well established for MIBG, compared with myocardial
perfusion imaging, in ischemic heart diseases.
Review In view of these difficulties, this review provides
fundamental information regarding MIBG, its usefulness
for various diseases and future difficulties.

Keywords Sympathetic nervous system . Cardiac
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Introduction

The heart is an organ with a dense distribution of
sympathetic nerves. The sympathetic nervous system plays
important roles in controlling the heart rate, blood pressure,
capacity to cause myocardial contraction/dilation, and
coronary tonus. Hypertonia of cardiac sympathetic nerves

is known to cause exacerbation of myocardial ischemia,
exacerbation of heart failure, and induction of severe
arrhythmia, and sympathetic functional disorders have
important clinical significance in heart diseases.

123I-metaiodobenzylguanidine (MIBG) myocardial scin-
tigraphy is one of the few methods available for objective
evaluation of cardiac sympathetic functions at a clinical
level, and provides an abundance of information useful for
the evaluation of various heart diseases. This review
describes fundamental information regarding MIBG imag-
ing and interpretation, as well as its usefulness for various
diseases and future difficulties.

Structure and dynamics of MIBG

MIBG, an analog of norepinephrine, was developed as a
sympathetic nerve imaging agent, and reported by Wieland
et al. in 1980 [1]. The structures of norepinephrine and
MIBG are shown in Fig. 1.

Regarding MIBG uptake, in 1985 Tobes et al. estab-
lished the uptake-1 mechanism as the core mechanism for
uptake into sympathetic nerve endings [2]. In addition,
MIBG was reported to be stored mainly in norepinephrine
storage vesicles [3] and to be released via exocytosis [4]. In
other words, MIBG and norepinephrine have the same
mechanisms for uptake, storage, and release. On the other
hand, in contrast to norepinephrine, MIBG is not bound to
receptors on the myocardial cell membrane [5] and under-
goes almost no metabolism via enzymes, including cate-
chol-O-methyl transferase (COMT) and monoamine
oxidase (MAO) [6]. Due to these characteristics, MIBG is
retained in sympathetic nerve endings, resulting in its
demonstrated excellence as an imaging agent. Figure 2
shows the dynamics of norepinephrine and MIBG.
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The advent of MIBG made it possible to conduct
objective in vivo evaluations of cardiac sympathetic
functions. The dynamics of MIBG reflect the sympathetic

activities, and thus it is possible to evaluate the local state
of denervation based on the accumulation defect, and the
degree of sympatheticotonia based on the washout.

Imaging methods for MIBG

Before conducting the examination, it is necessary to know
whether the patient has taken drugs that influence the
accumulation of MIBG. It is necessary to withdraw reserpine
and tricyclic antidepressant agents for an appropriate period
in accordance with their blood half-lives [7]. When thyroid
blocking is performed, KI powder (40–300 mg/day) is
administered for 3 days from the day preceding the
examination. As 123I has a short half-life of 13 h and is a
nuclide which emits only gamma rays, it does not
necessarily require the blockage of thyroid accumulation.

MIBG 111 MBq is intravenously administered in the
resting condition, and the early and delayed images are
obtained 15–30 min later and 3–4 h later, respectively. It is
desirable to prepare a gamma camera having a sufficient
visual field to cover most of the chest, and more than two
detectors. In addition, it is necessary to use a collimator for
low energy or 123I only, and to set the energy window to
159 keV±10%. Planar images have been used in many
ways for the evaluation of cardiac sympathetic function,
while SPECT images are advantageous for evaluating
abnormalities in local distribution in the myocardium. In
practice, both of the above images are used, in combination.

In the case of planar images, the anterior view is imaged
for roughly 3–5 min, using a 128×128 or 256×256 matrix.
If possible, further views in two directions are obtained at a
left anterior oblique angle of 35–40° and at 70° to the left
lateral plane. The SPECT images are collected using a
64×64 matrix over a 360° range, or at 180° from the right
anterior oblique plane to the left posterior oblique plane.
For reference, the imaging protocol at the authors’
institution is shown in Fig. 3.

Analysis and interpretation of MIBG

The most common indices are the heart to mediastinum ratio
(H/M ratio) and the washout rate obtained from the anterior
planar images. These indices represent simple semiquantita-
tive measures, but have been widely used, resulting in many
reports which support their usefulness in the evaluation of
severity and prognosis in cases of heart failure. Regions of
interest (ROIs) are set over the heart (H) and the mediastinum
(M) to obtain the mean count in the respective ROIs, after
which the H/M ratio is calculated. Based on the ratio, the
degree of accumulation in the heart is evaluated. It is desirable
to set the mediastinal ROI as far as possible at an upper site
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Fig. 2 Dynamics of norepinephrine and MIBG. a. Norepinephrine
(NE) is stored in synaptic vesicles at sympathetic nerve endings and is
released via exocytosis due to nerve excitement. Most of the released
NE returns to the nerve endings via the reabsorption mechanism
designated as uptake-1. A fraction of the released NE becomes bound
to the receptors, while the remainder is released into the blood by
spillover. The NE is ultimately inactivated by COMT and MAO.
b. MIBG is also incorporated into nerve endings via uptake-1, and
released via the excitement of nerves, in a manner similar to NE.
MIBG, however, is neither bound to the receptors nor degraded by
enzymes. Due to these characteristics, most of the MIBG is reabsorbed
via uptake-1 and retained in the nerve ending for many hours
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Fig. 1 Structural formulae of
norepinephrine and MIBG.
a Norepinephrine. b MIBG
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that is unaffected by the thyroid gland, and the cardiac ROI so
as to surround the entire heart. The washout rate is an index
that indicates the rate that MIBG is washed out between the
early image and the delayed image, via comparison with the
cardiac count in the early image. In this calculation,
the mediastinal count is subtracted from the cardiac count as
a background correction, in principle. A correction for decay
due to the half-life of 123I may be performed, as required.
Figure 4 shows a practical method of calculating the H/M
ratio and washout rate. The accumulation in the early MIBG
image reflects the distribution of cardiac sympathetic nerves
and the uptake-1 functions at the nerve endings, while the
washout rate is an index of the degree of sympatheticotonia.
The delayed image is a result of washout from the early
image and thus is considered to contain combined informa-
tion regarding both the accumulation in the early image and
the washout rate.

Regarding the SPECT images, a method is available for
visual scoring of the degree of accumulation by division into
segments, which is similar to that used in myocardial perfusion
imaging. The rate of uptake of MIBG in the myocardium is as
low as 1–2%, and the image quality is inferior compared with
201TI. In some cases, substantial accumulation of MIBG may
occur in the liver, which overlaps the myocardial infero-
posterior wall, and scattering from the lung field to the lateral
wall then exerts a considerable influence upon the image,
requiring careful interpretation.

It is possible to obtain the relative distribution of values in
respective regions from a polar map prepared using the SPECT
short axis images. Even in normal cases, MIBG exhibits a
relatively low uptake in the inferior wall region [8], a tendency
which has been reported to become strong in the elderly [9,
10]. During interpretation, it is necessary to give careful
consideration to this point. It is also possible to calculate the
washout rate from the polar map, and to obtain not only a
mean value for the whole left ventricle but also values for the
respective regions. If a normal profile is prepared from a
group of normal cases, it is possible to use the polar map to
calculate extent and severity scores, which indicate the extent
and severity of defects, respectively (Fig. 5).

Another quantitative index, which differs from the above
indices, is the myocardial uptake rate of MIBG. One
reported method of obtaining this index is as follows. First,
MIBG is administered via rapid intravenous injection to
obtain the dynamic data, and the rate is calculated
according to the compartment model theory [11]. In another
reported method, the rate is calculated from the count ratio
of the myocardium and left ventricular cavity, and the
radioactivity of the blood sample [12].

Ischemic heart diseases

MIBG in ischemic heart diseases

Sympathetic nerve endings are easily damaged by ischemia,
in comparison with myocardial cells, and sympathetic
function disorders are known to persist for a certain period
even after alleviation of the ischemia. As a result, the
potential exists for use of MIBG to detect ischemia with
extreme sensitivity, providing images for detection of
transient ischemia. Myocardial perfusion imaging as a
nuclear cardiological examination has been used in many
ways for ischemic heart diseases, and there is sufficient
evidence regarding the usefulness of this method. However,
in some cases, pathologic conditions are difficult to
evaluate precisely via perfusion imaging alone, and MIBG
imaging may become effective.
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Fig. 4 Method of calculating the H/M ratio and washout rate on
MIBG planar images

MIBG 111MBq i.v.
planar SPECT

5 min 20 min
planar SPECT

0 15 min

5 min 20 min

4 hr

early image delayed image
Fig. 3 One example of the MIBG imaging protocol. MIBG 111 MBq
is intravenously administered under the resting condition, and the early
and delayed images are obtained 15 min and 4 h later, respectively.
Gamma camera, three-detector type; collimator, low energy general
purpose (LEGP); energy window, 159 keV ±10%; planar image,
anterior view for 5 min, 256×256 matrixes; SPECT image, 360°

collection (continuous mode), non-circular orbit (near-by orbit), 64×64
matrixes, magnifying rate of collection 1.6. Pretreatment: Butterworth
filter (order 8, cut-off 0.25 cycles/pixel). Reconstruction: filtered back
projection (180° data, Ramp filter). One slice 3.6 mm. Neither
absorption correction nor scattered ray correction
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Vasospastic angina

In vasospastic angina, the practice of myocardial perfusion
imaging during non-seizure results in normal accumulation,
and ordinary exercise loading rarely induces coronary
spasms. Accordingly, the ability of myocardial perfusion
imaging to diagnose this disease is not clinically satisfactory.

According to a report by Taki et al. [13], a few cases of
vasospastic angina showed abnormal early MIBG images,
while a high percentage showed increased washout in the
region of the culprit coronary artery on the delayed images,
indicating a clearly abnormal accumulation. In other words,
delayed images were highly useful for diagnosis. The
positive and negative accuracy rates were favorable, at
83% and 81%, respectively. Sakata et al. [14] reported
MIBG to be more useful than stress myocardial perfusion
SPECT in the prediction of cardiac events in patients with
vasospastic angina having no dominant coronary stenosis.

Detection of repeated ischemia is considered to be a
mechanism underlying the decreased accumulation of
MIBG in coronary spastic angina, although abnormal
sympathetic functions may be one factor involved in the
development of coronary spasm.

Unstable angina

A loading test is not indicated for unstable angina, although
myocardial perfusion imaging at rest is unable to diagnose

this disease in many cases. MIBG makes it possible to
identify the culprit coronary artery with a high probability
via findings obtained under the resting condition, indicating
its diagnostic usefulness. In a study by Tsutsui et al. [15],
MIBG was demonstrated to have a sensitivity of 71% and a
specificity of 78% for diagnosis of the culprit coronary
artery in this disease. The detection rate was reported to be
high in cases in which either the period between the final
seizure and the conduct of the examination was short, or the
frequency of seizures was high. Figure 6 shows one case of
unstable angina in which MIBG facilitated diagnosis.

Evaluation of risk areas in acute coronary syndrome

Recently, percutaneous coronary intervention (PCI) has been
generally conducted for acute coronary syndrome in emer-
gency situations. 99mTc agents are highly retained in the
myocardium, and exhibit almost no redistribution phenom-
ena, as are observed when using 201TlCl. Thus, intravenous
injection of such an agent prior to the practice of PCI permits
evaluation of the state of myocardial perfusion before
reperfusion treatment, even if the imaging is conducted after
the completion of PCI (this characteristic is referred to as a
freeze image). The defect range indicated on the image
obtained via this method is called the risk area (i.e., the area
at risk of infarction, if not treated appropriately), and is
clinically important. A second myocardial perfusion imaging
procedure conducted in the subacute phase makes it possible
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Mean 47.9 7.1
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Fig. 5 Polar map analysis. In the extent map, pixels with counts of −2SD
or less are displayed by blackout in comparison with the normal file
prepared from normal cases, and the extent score shows the % blackout of
pixels in total. In the severity map, the severity of decreased accumulation
is displayed using color in terms of the blackout portion on the extent map.
The severity score is the value obtained using the following formula: (the

sum of the difference in counts between pixels of the blackout portion and
the corresponding pixels on the normal file) / (total number of pixels). It is
possible to calculate the washout rates of the various regions, in addition
to the mean washout rate of the left ventricular circumference, and here
mean±SD expresses the washout rates in the four divided regions
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to quantitatively measure the infarcted myocardium. The
difference between the risk area and the infarcted area
corresponds to the myocardium rescued by PCI.

While evaluation of the risk area using 99mTc agents is
an excellent method with a high objectivity, it is not
necessarily easy to conduct nuclear medical examinations
in emergencies, during the acute phase. MIBG detects
ischemia, and thus reveals a wider range of defects, if used
in the subacute phase, compared with myocardial perfusion
imaging; this results in a mismatch between the methods. It
has been reported that the range of defects on MIBG
imaging corresponds more closely to the risk area obtained
using 99mTc agents [16], and MIBG is useful in evaluating
the risk area in acute coronary syndrome.

Non-Q-wave myocardial infarction

Between 30% and 50% of cases of myocardial infarction
are considered to show non-Q-wave infarction. In general,
myocardial disorders are slight and cardiac function is
preserved in non-Q-wave infarction, compared with Q-
wave infarction. Regarding prognosis, however, no differ-
ences have been reported between these diseases, and non-
Q-wave infarction has been reported to have rather a high
risk of leading to sudden cardiac death.

The rate of detection of non-Q-wave infarction using
myocardial perfusion imaging is regarded to be roughly 50%,

while it is also reportedly possible to identify the culprit
coronary lesions using MIBG in nearly all cases. A compar-
ative investigation into the detection of Q-wave and non-Q-
wave infarction using 99mTc-sestamibi myocardial perfusion
SPECT (MIBI) and MIBG SPECT [17] found that MIBI
defects in non-Q-wave infarctions were significantly smaller
than those in Q-wave infarctions, while no differences in
MIBG defects were observed between the two types of
infarction. In addition, the size of MIBG defects in Q-wave
infarction was proportional to that of MIBI defects (i.e., the
quantity of infarcted myocardium), while such a tendency was
not observed in non-Q-wave infarction. In other words, in
non-Q-wave infarction, a wide mismatch area is observed
between perfusion SPECT and MIBG SPECT. This mismatch
area is said to be denervated but viable (the plexus of
sympathetic nerves has disappeared, but the viability of
myocardial cells has been maintained), and is considered to
be in an unstable state which easily results in lethal
arrhythmia. This situation may be one of the reasons for the
many cases of cardiac sudden death in non-Q-wave infarction.

Heart failure

Severity evaluation

It has been reported that the increased washout rate and the
decreased H/M ratio on the delayed MIBG image become
marked, with an increase in hypofunction in the left
ventricle, in cases of heart failure, regardless of the
underlying disease [18]. Similar results have been reported
from studies on dilated cardiomyopathy (DCM) [19, 20],
hypertrophic cardiomyopathy (HCM) [21], valvular heart
disease [22, 23], pulmonary hypertension [24], amyloidosis
[25], and diabetes [26]. As described above, the relation-
ship between cardiac hypofunction and abnormal MIBG
indices has been revealed in various diseases, and MIBG is
thus useful for evaluation of the severity of heart failure.
Figure 7 shows the correlation between the left ventricular
ejection fraction (LVEF) and the washout rate of MIBG in
patients with chronic heart failure.

According to a recent report [27], the H/M ratio on the
delayed image and the washout rate correlated with brain
natriuretic peptide, which is widely used as a marker for
heart failure and heart-type fatty acid binding protein
(H-FABP) and is attracting attention as a new marker for
ongoing myocardial damage. In addition, another report
indicated that the H/M ratio on the delayed image reflects
the myocardial contractile reserve in patients with mild to
moderate DCM [28].

Prognostic prediction

MIBG is also useful for prognostic evaluation in cases of
heart failure. In 1992, in a study on DCM and ischemic

Fig. 6 A case of unstable angina in which MIBG facilitated
diagnosis. Female, aged 62 years. The patient was admitted to the
hospital owing to a diagnosis of unstable angina, but no significant
findings were obtained via 201TlCl myocardial perfusion SPECT at
rest. MIBG showed decreased accumulation in the inferoposterior
wall. On the delayed image, increased washout was observed at the
same site, and the abnormal findings became more marked. On
coronary angiography, performed later, advanced stenosis was
recognized in the proximal part of the right coronary artery
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cardiomyopathy (ICM), Merlet et al. reported that patients
with a lowered H/M ratio on the delayed MIBG image had
an unfavorable prognosis and that the prognostic ability of
MIBG imaging was superior to that of LVEF [29].
Subsequently, a large number of similar reports have
appeared [30–35], and the H/M ratio on the delayed image
and washout rate have been widely recognized as strong
predictors of cardiac events in cases of heart failure,
including DCM and ischemic heart diseases.

Regarding prognostics evaluation by MIBG, more
detailed investigations have been undertaken, as described
below. Imamura et al. [36] reported that application of
background correction when calculating the washout rate
improves its prognostic accuracy. Nakata et al. [37]
reported that cases in which the H/M ratio was maintained
on the delayed image had a favorable prognosis regardless
of the washout rate, that cases in which the H/M ratio was
lowered on the delayed image generally had an unfavorable
prognosis, and that cases with a markedly lowered
accumulation, even on the early image, had the most
unfavorable prognosis. Kyuma et al. [38] reported that
ability to predict the prognosis was improved by evaluating
other factors, including the brain natriuretic peptide value
and complications due to diabetes or kidney functional
disorders, in addition to MIBG. Matsui et al. [39] and
Fujimoto et al. [40] conducted MIBG myocardial scintig-
raphy before treatment and at 6 months after the start of

treatment, and reported that the improvement rating was an
excellent prognostic predictor.

Evaluation of the therapeutic effects of drugs

The effectiveness of β-blockers and angiotensin-converting
enzyme inhibitors (ACE-Is) has been fully established in
DCM. The use of MIBG before and after drug therapy has
yielded an improvement in the washout rate and the H/M
ratio on the delayed image, with an improvement in cardiac
function, indicating its usefulness for the evaluation of
therapeutic effects. Investigations have been conducted into
the use of treatment with β-blockers [41–43], ACE-Is [44],
spironolactone [45], and angiotensin receptor blockers
(ARBs) [46, 47].

The efficacy of using two drugs has also been tentatively
examined using MIBG, and there have been reports on
carvedilol and metoprolol (β-blockers) [48, 49], perindopril
and enalapril (ACE-Is) [50], and valsartan (ARB) and
enalapril (ACE-I) [51].

Concerning diseases other than DCM, it has been
reported that MIBG myocardial scintigraphy may be used
to evaluate the usefulness of both nicorandil in ICM [52]
and atrial natriuretic peptide in acute heart failure [53].

Prior prediction of therapeutic effects

Several studies have been conducted on whether it is
possible to predict the effectiveness of β-blocker therapy
for DCM based on the findings of MIBG myocardial
scintigraphy. In each of these studies, ‘responders’ are
patients showing an improvement in cardiac function to a
certain degree or better, at a certain time point (at about 6
months) after the start of treatment. However, the results
varied between studies, as follows: On the early image the
retained cardiac accumulation and the washout rate showed
no relationship to response to therapy [54]. The H/M ratio
on the delayed image was significantly higher in responders
[55]. Responders showed a low washout rate [56]. It was
reported to be difficult to differentiate responders from non-
responders, but possible to predict cases of β-blocker
intolerance (exacerbations of heart failure) [57]. When an
investigation was performed into the improvement of
cardiac function for a relatively short period, as described
above, no consensus was obtained regarding the usefulness
of MIBG for the prediction of therapeutic effects.

Recently, an investigation was performed based onwhether
the long-term prognosis was improved by drug therapy.
Nakata et al. [58] conducted a study in patients with heart
failure, including ischemic heart diseases, treated with ACE-
Is or β-blockers and found that the long-term prognosis was
favorable in cases in which the H/M ratio on the delayed
image was maintained on MIBG myocardial scintigraphy.
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P < 0.0001
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Fig. 7 Correlation between the washout rate of MIBG and LVEF in
cases of chronic heart failure. In MIBG myocardial scintigraphy
conducted 185 times in cases of chronic heart failure, the washout rate
showed a significant negative correlation with the LVEF determined
by echocardiography conducted during the same period. Cases with
markedly lowered cardiac function tended to show higher washout
rate values
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According to a report by Fujimoto et al. [59], the washout
rate was improved by β-blocker therapy, and the long-term
prognosis was favorable in cases with maintained accumu-
lation on the early image and a high washout rate on MIBG
myocardial scintigraphy conducted before the start of β-
blocker therapy (Fig. 8, Table 1). Such cases are assumed to
be in a state of hypertonia due to cardiac sympathetic nerves,
but with maintenance of the integrity of the cardiac
sympathetic nerve endings, indicating a group of cases
highly likely to benefit from β-blocker therapy.

Usefulness of MIBG in HCM

MIBG is known to show decreased accumulation and
increased washout at the site of myocardial hypertrophy in
HCM. The H/M ratio and the washout rate correlate with
the severity of the left ventricular systolic and diastolic
dysfunction [60]. In addition, the H/M ratio correlates well
with the left ventricular mass index and brain natriuretic
peptide, while the washout rate also shows a good
correlation with the serum norepinephrine concentration
[21]. The H/M ratio correlates with the exercise tolerance
[61], and the heterogeneity of MIBG accumulation corre-
lates with the severity of cardiac hypofunction [62]. These
reports support the usefulness of MIBG for evaluation of
the severity of HCM.

Concerning the usefulness of MIBG for prognostic
evaluation, it has been reported that the washout rate is
increased significantly in cases showing ventricular tachy-
arrhythmia [63], and that the H/M ratio on the delayed
image is a useful factor for predicting the development of
heart failure in such cases [64].

Evaluation in cases after heart transplantation

In the experimentally prepared globally denervated canine
heart, MIBG exhibited normal accumulation on the early
image and was washed out on the delayed image, resulting
in no accumulation. This state is due to a non-neuronal
uptake mechanism referred to as uptake-2. On the other
hand, in a human heart transplanted several months earlier,
MIBG exhibited complete absence of accumulation, even
on the early image [65]. This reflects the completely
denervated state of the heart after transplantation, and
demonstrates that uptake-2 does not participate in the
dynamics of MIBG in the human heart.

It has been reported that MIBG exhibits no accumulation
in the heart within 1 year after transplantation, and that the
accumulation begins to recover at the anterobasal site with
the subsequent course [66, 67], indicating the usefulness of
MIBG in monitoring the course of sympathetic reinnerva-
tion in the transplanted heart.

In maze operation for atrial fibrillation, the cardiac
sympathetic nerves are in a denervated state in the early phase
after operation, but reinnervation is recognized in the chronic
phase, according to a report on verification using MIBG [68].

Diseases other than ischemic heart diseases and heart
failure

Arrhythmia

A high rate of MIBG abnormalities is observed in arrhyth-
mogenic right ventricular cardiomyopathy, even in the
absence of abnormal morphology or function in the left

0 1000 2000 3000 4000

TIME (DAYS)

P
A

T
IE

N
T

S
 W

IT
H

O
U

T
 E

V
E

N
T

0

.2

.4

.6

.8

1
WR 10

10WR 

Fig. 8 Prediction of the therapeutic effectiveness of β-blockers by
MIBG (from reference [59]). In 53 patients with dilated cardiomyop-
athy receiving β-blocker therapy continuously for 6 months or longer,
MIBG myocardial scintigraphy was performed twice, before and 6–12
months afterthe start of the treatment. The improvement in the
washout rate (WR) before and after treatment was the strongest
prognostic predictor. No cardiac events occurred in the group of
patients showing an improvement in washout rate by10% or more due
to β-blocker therapy

Table 1 Comparison of clinical characteristics, MIBG data and
echocardiographic findings in patients with and without washout rate
improvement by β-blockertherapy (modified from reference [59]).
Lower values of the extent score and higher values of the washout rate
on the earlyimage were factors predicting washout rate improvement
by the therapy

WR unimproved WR improved P value

Patients 34 19
Age (yrs) 57±12 55±9 NS
Gender (male %) 76.5 89.5 NS
MIBG data
eEXT 36.8±21.6 21.8±16.9 <0.05
dEXT 43.7±27.5 34.6±26.3 NS
eSEV 47.4±41.5 22.1±31.7 <0.05
dSEV 74.1±69.4 50.8±68.9 NS
WR (%) 45.6±7.5 52.2±9.0 <0.01
Echocardiogram data
LVEF 0.36±0.11 0.30±0.07 NS

Data are presented as the mean±SD
WR washout rate, e early, d delayed, EXT extent score, SEV severity
score, LVEF left ventricular ejection fraction
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ventricle; this suggests the usefulness of MIBG in the early
diagnosis of this disease [69]. MIBG is regarded as showing
abnormalities frequently in the left ventricular muscle
(junction) connected to the right ventricle [70]. In addition,
it has been reported that the site of decreased accumulation
of MIBG is related to the origin of ventricular tachycardia
[71]. Decreased accumulation of MIBG has also been
observed at inferior and inferoseptal sites in idiopathic long
QT syndrome [72] and Brugada syndrome [73].

MIBG abnormalities have been reported in various
arrhythmic diseases, and future large-scale and more detailed
studies are required regarding the frequency and character-
istics of decreased MIBG accumulation, and the relationship
between this appearance and arrhythmogenicity.

“Takotsubo” cardiomyopathy (transient left ventricular
apical ballooning)

In this disease, the clinical symptoms and abnormal
electrocardiogram suggest acute myocardial infarction, but
coronary angiography reveals no stenosis. Left ventricular
imaging reveals hypercontraction at the base of the left
ventricle, with no contraction of the apical portion. This
characteristic finding resembles the pot (“tsubo” in Japa-
nese) used to capture an octopus (“Tako” in Japanese), and
the disease has thus been designated as Takotsubo
cardiomyopathy. Mental or physical stress frequently plays
a role in the development of this disease. Abnormal wall
motion of the left ventricle is reversible, and in general the
disease is regarded as having a favorable prognosis. It is
said to account for about 2% of cases suspected to represent
ST-segment elevation infarcts, and most cases occur in
postmenopausal women [74].

Nuclear medical examinations are useful for the evalu-
ation of Takotsubo cardiomyopathy [75]. When performing
myocardial SPECT, 99mTc-tetrofosmin, 123I-BMIPP, and
MIBG all yield a defect image with the apical portion as the
core in the acute phase, which is inconsistent with a region
dominated by the coronary artery, while the degree of the
defect reflects the severity of the disease. Any such state in
the acute phase is normalized in the chronic phase. Among
the aforementioned three tracers, MIBG reveals the highest
defect and shows a tendency to yield abnormal findings that
persist in the long term. The etiology of this disease has not
yet been clarified, although according to one report the
MIBG findings suggest that the cause may be neurogenic
myocardial stunning [76].

Diabetes

Neuropathy is one of the important complications in
diabetes, and the relationship between MIBG abnormalities
and neuropathy has been investigated by various authors

[77–79]. According to these reports, MIBG abnormalities
were observed at a high rate even in diabetic patients
without a clinically obvious complication due to neuropa-
thy, suggesting the existence of cardiac sympathetic
disorders from the early stage. In cases complicated by
neuropathy, MIBG abnormalities were more marked,
reflecting the disease severity. Abnormal MIBG findings
were observed at a high rate in the inferoposterior wall
region, indicating a decreased accumulation and an in-
creased washout.

Epalrestat (an aldose reductase inhibitor) and vitamin
B12 are employed as therapeutic drugs for diabetic
peripheral neuropathy. According to several reports, MIBG
is useful for evaluating the efficacy of these drugs [80, 81].

Lewy body disease

In 1994, it was reported that patients with Parkinson’s
disease (PD) exhibited a complete absence of accumulation
of MIBG in the heart [82]; this finding has stimulated
increasing interest in the use of MIBG in the evaluation of
nervous diseases. In recent years, it has been revealed
clinically and neuropathologically that PD, dementia with
Lewy bodies (DLB), and pure autonomic failure are
overlapping diseases. Lewy body disease has thus become
a general term for all three diseases [83].

Based on the information obtained thus far, the complete
absence of accumulation of MIBG in the heart is considered
to be a finding specific to Lewy body disease [84].
Accordingly, MIBG is expected to become a strong
diagnostic tool for differentiation between PD and other
parkinsonian syndromes, and between DLB and Alz-
heimer’s disease in patients showing dementia. In a
comparative investigation into MIBG findings in patients
with PD or DLB in the early disease stage [85], DLB
exhibited a significantly unfavorable accumulation in the
heart compared with PD, suggesting that MIBG may be of
value in early diagnosis as well.

Future problems

Problems regarding inter-institutional differences in MIBG
quantitative indices

The H/M ratio and the washout rate are generally used as
quantitative indices in MIBG myocardial scintigraphy. H/M
ratio values show significant variation according to the
imaging apparatus employed, and particularly according to
the collimators used. This results in the problem of large
differences in reference values between institutions. In an
investigation by Nishimura et al. in 1997 into 49 institu-
tions, the normal value for the H/M ratio varied widely,
from 1.4 to 2.8 [86].
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123I has a photo-peak at 529 keV in addition to the peak
at 159 keV which is used for imaging. The main reason for
the variation in the H/M ratio is considered to be differ-
ences between collimators with regard to the amount of
scattering component produced by 529-keV gamma rays
that is included in the data obtained at 159 keV. As 529-
keV 123I gamma rays have a high transmittance, the image
quality is markedly impaired by scattered rays when using
low-energy collimators, as are widely employed in cardiac
examinations. In order to solve such problems, use of a
collimator modified for 123I or a medium-energy collimator
has been proposed, although such collimators are available
at only a limited number of institutions. The 123I dual-
window method [87] was developed as a method of
excluding scattered rays originating from 529-keV gamma
rays, without the need for special hardware; its usefulness
has been confirmed in clinical cases [88] although it is not
routinely used in clinical practice. In addition to the above
factors, Table 2 cites other factors causing inter-institutional
differences in MIBG indices.

Establishment of evidence for MIBG

In 2005, a joint research team of the Japanese Circulation
Society (JCS) published Guidelines for the Clinical Use of
Cardiac Nuclear Medicine [89]. The indications for MIBG
printed in the Guidelines are shown in Table 3. The
usefulness of MIBG in many heart diseases, including
heart failure, is widely recognized. However, the evidence
level is C for each item, because most studies have been
conducted in only a small number of cases at a single
institution owing to differences between institutions regard-
ing the quantitative indices for MIBG, as described above.
Accordingly, it is difficult to establish evidence under the
existing circumstances.

It is possible for MIBG to directly and quantitatively
evaluate cardiac sympathetic functions at the myocardial
level. Thus, this form of scintigraphy is a valuable modality
not easily substituted by other methods. In order to solve
the problems regarding the differences between institutions,
it is necessary to make efforts to standardize the quantita-

Table 2 Factors causing differences in the H/M ratio and the washout
rate between institutions

Parameter Influential factors

H/M ratio Types of imaging apparatus (especially collimators)
employed
Method of setting ROIs (site, size, form)

Washout rate Practice of background correction
Imaging starting time for the delayed image
Practice of correction for decay due to the physical
half-life of 123I

Table 3 Class/evidence classifications for MIBG quoted from the
Guidelines for the Clinical Use of Cardiac Nuclear Medicine (JCS
2005)

Parameter Classification

Identification of denervated area
in infarction and unstable
angina

Class IIb, level C

Identification of ischemia in
vasospastic angina

Class IIa′, level C

Autonomic neuropathy in
diabetes

Class IIa′, level C

Severity evaluation of heart
failure

Class I, level C

Prognostic evaluation of heart
failure

Class I, level C

Evaluation of therapeutic effects
on heart failure

Class IIa, level C

Prediction of therapeutic effects
on heart failure

Class IIb, level C

Arrhythmic diseases Class IIb, level C
Class classification for the
usefulness of examinations
I There is evidence supporting

usefulness, or there is a general
consensus as to usefulness

IIa Usefulness is likely, based on
the evidence and opinions

IIa′ The evidence is insufficient,
but there is a consensus
regarding usefulness among
experts in Japan

IIb Usefulness is not sufficiently
established, based on the
evidence and opinions

III There is evidence supporting
uselessness and occasional
untoward effects, or there is a
general consensus as to
uselessness

Evidence level classification
A Demonstrated in a number of

multicenter randomized
intervention studies including
more than 400 cases, or
demonstrated by meta-analyses

B Demonstrated in a number of
multicenter randomized
intervention studies including
less than 400 cases, well-
designed comparative studies,
or large-scale cohort studies

C Not demonstrated in
randomized intervention
studies, but supported by a
consensus among experts
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tive values used, such as the H/M ratio and the washout
rate. In addition, practical large-scale clinical studies need
to be performed with the aim of establishing evidence for
the usefulness of MIBG.
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