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Abstract This proposal for standardization of '*I-

metaiodobenzylguanidine (iobenguane, MIBG) cardiac
sympathetic imaging includes recommendations for patient
information and preparation, radiopharmaceutical, injected
activities and dosimetry, image acquisition, quality control,
reconstruction methods, attenuation, scatter and collimator
response compensation, data analysis and interpretation,
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reports, and image display. The recommendations are based
on evidence coming from original or scientific studies
whenever possible and as far as possible reflect the current
state-of-the-art in cardiac MIBG imaging. The recommenda-
tions are designed to assist in the practice of performing,
interpreting and reporting cardiac sympathetic imaging. The
proposed standardization does not include clinical indications,
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benefits or drawbacks of cardiac sympathetic imaging, and
does not address cost benefits or cost effectiveness;
however, clinical settings of potential utility are mentioned.
Standardization of MIBG cardiac sympathetic imaging
should contribute to increasing its clinical applicability and
integration into current nuclear cardiology practice.

Keywords MIBG imaging - Cardiac sympathetic imaging -
Guidelines

Introduction

This proposal for standardization of MIBG cardiac sympa-
thetic imaging was developed under the auspices of the
Cardiovascular Committee of the European Association of
Nuclear Medicine and the European Council of Nuclear
Cardiology (joint group of the European Association of
Nuclear Medicine and of the European Society of Cardiology).
This proposal for standardization is intended to present
information specifically adapted to European practice, it is
based on evidence from available original scientific studies,
and as far as possible it reflects the state-of-the-art in cardiac
sympathetic imaging with MIBG.

The aim of this article is to document state-of-the-art
applications and procedures supported by experts in the field
and to help dissemination across the European nuclear
cardiology community. The proposal for standardization is
designed to assist physicians and other health-care professio-
nals perform, interpret and report MIBG cardiac sympathetic
imaging. The proposed standardization does not discuss
clinical indications, benefits or drawbacks of cardiac sympa-
thetic imaging, and does not cover cost benefit or cost
effectiveness; however, some clinically useful settings are
mentioned. The authors comprised scientists from different
countries, all with subspeciality expertise in nuclear cardiology.

Patient information and preparation

Written information should be provided to patients or their
relatives in relation to scheduling, duration, purpose and a
brief description of the test. Additionally, oral information
should be provided on the day of the procedure. On the
other hand, information regarding clinical data, active
medications and previous relevant cardiovascular examina-
tions should be obtained from the patient. According to
local regulations, it is also necessary to obtain a signed
informed consent form. The radioactive nature of the
procedure should be explained with mention of the
injection of a nonallergenic radioactive isotope that is
eliminated from the body quickly through natural decay and
excretion. Radiation risks for the patient and accompanying
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persons may be discussed according to local rules and
patient demand.

Before injection of MIBG, specific information must be
obtained in women of child-bearing age concerning
pregnancy, lactation and the possibility of pregnancy. If
pregnancy is suspected or confirmed, a clinical decision is
necessary to consider the benefits against the possible harm
of carrying out any radioactive procedure. It is unknown
whether MIBG is excreted into human milk, but it is known
that '#’I is excreted into human milk. Based on the physical
half-life of 'I (13.2 h), breastfeeding should be discon-
tinued for 48 h after MIBG administration in order to
minimize the risk to nursing infants [1].

Patient preparation

The technologist, nurse or physician should explain to the
patient the details of the scintigraphic study.

Usually, MIBG is administered after blockade of thyroid
uptake of free I, but it is possible that this can be omitted
considering that '*I is a gamma emitter (principal radiation
emission of 159 keV, 83% of abundance) with a short half-
life. Thyroid blockade can be achieved by oral administration
of either potassium perchlorate (500 mg for adults, body
weight-adjusted for children) or, if the patient is not allergic to
iodine, potassium iodide solution or Lugol’s solution (equiv-
alent to 130 mg iodide for adults, body weight-adjusted for
children) at least 30 min before injection of MIBG. For
paediatric patients, newborns should receive 16 mg potassium
iodide, children from 1 month to 3 years of age should receive
32 mg, and children from 3 to 13 years of age 65 mg.

From initial data obtained in patients with neuroendocrine
tumours, several drugs are known, or may be expected, to
interfere with organ MIBG uptake. However, many studies
have demonstrated that cardiac MIBG imaging can be
performed in patients with optimum medical therapy
including beta-blockers, angiotensin-converting enzyme
inhibitors and/or angiotensin receptor blockers [2—4]. There-
fore, there is no need to withdraw such medication prior to
cardiac MIBG imaging. Table 1 includes some of the most
important medications that may influence MIBG organ
uptake. In addition, it is also important that patients stop
eating food containing vanillin and catecholamine-like
compounds (e.g. chocolate and blue cheese) since some of
these may interfere with the uptake of MIBG (depletion of
granules) [5, 6]. Patients are encouraged to void frequently
to facilitate excretion of the radiopharmaceutical.

Radiopharmaceutical

MIBG is an aralkylguanidine noradrenaline analogue
resulting from the combination of the benzyl group of
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Table 1 Most important medications that may affect organ uptake of MIBG

Drug Mechanism of interference Discontinuation prior
(known or expected) to MIBG scan (days)
Opioids Uptake inhibition 7-14
Cocaine Uptake inhibition 7-14
Tramadol Uptake inhibition 7-14
Tricyclic antidepressants ~ Amitriptyline and derivatives, imipramine Uptake inhibition 7-21
and derivatives, amoxapine, doxepine, others
Sympathicomimetics® Phenylpropanolamine, ephedrine, pseudoephedrine, Depletion of granules 7-14
phenylephrine, amphetamine, dopamine,
isoproterenol, salbutamol, terbutaline,
phenoterol, xylometazoline
Antihypertensive/ Labetalol Inhibition uptake and depletion 21
cardiovascular agents Reserpine Depletion and transport inhibition 14

Bretylium, guanethidine

Calcium channel blockers (nifepidine,
nicardipine, amlodipine)

Phenothiazines® (chlorpromazine,
promethazine, fluphenazine, others)

Thioxanthenes (maprotiline, trazolone)

Antipsychotics

Butyrophenones (droperidol, haloperidol)
Loxapine

Depletion and transport inhibition 14

Increased uptake and retention 14
Uptake inhibition 21-28
Uptake inhibition 21-28
Uptake inhibition 21-28
Uptake inhibition 7-21

* Components of bronchodilators, decongestants and diet aids.
® Frequent components of antiemetic and antiallergic agents.
Modified from reference [1].

bretylium and the guanidine group of guanethidine. lodination
of MIBG with '*I enables successful imaging of neuro-
ectodermally derived cells [7]. MIBG is internalized by
neuroendocrine cells through the energy-dependent uptake-1
system, and is stored, unmetabolized, in the neurosecretory
granules, resulting in a specific concentration in contrast to
cells of other tissues.

MIBG for imaging disorders of sympathetic innervation
of the heart is labelled with '*I. In addition, MIBG can be
used to study tumours of neuroendocrine origin, particularly
those of the sympathoadrenal system (phaeochromocytomas,
paragangliomas and neuroblastomas), although other neuro-
endocrine tumours (carcinoids, medullary thyroid carcinoma,
Merkel cell tumours of the skin) and metastases of these
tumours can also potentially be visualized.

Preparation

MIBG is normally radioiodinated by isotope exchange and
distributed to laboratories where no additional preparation is
required. The preparation should have a high specific activity.
Extensive quality control (QC) is normally performed on the
preparation by the producer before shipping. Laboratories
receiving MIBG should assay the radioactive concentration
by measurement in a calibrated ionization chamber. Radio-
chemical purity may be confirmed using thin-layer chroma-
tography. The preparation may be diluted with sterile

physiological saline if required. The radiopharmaceutical
should be used within the expiry time set by the supplier.

The activity of radiopharmaceutical to be administered
should be determined in accordance with the European
Atomic Energy Community Treaty, and in particular article
31, which has been adopted by the Council of the European
Union (Directive 97/43/EURATOM) [8].

Administration

MIBG should be administered by slow (over 1 to 2 min)
secure peripheral intravenous injection flushed with saline,
in accordance with local radiation protection practices. If
paravenous injection is suspected, imaging may be tried,
and if sufficient activity uptake has been obtained, the
examination can be performed; otherwise, the examination
should be repeated whenever possible.

Contraindications

MIBG is contraindicated in patients with known hypersen-
sitivity to MIBG or MIBG sulphate.

Side effects

Very rarely (<1%) adverse effects of MIBG (dizziness, rash,
pruritus, flushing and injection site haemorrhage) can occur
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when slow injection is used. Rapid or central venous
injections are contraindicated since they may induce these
effects [9]. The benzyl alcohol constituent of MIBG may
cause serious adverse reactions in premature or low birth-
weight infants, and exposure to excessive amounts has been
associated with a fatal “gasping syndrome”, hypotension,
metabolic acidosis and increased incidence of kernicterus.
The safety and effectiveness of MIBG have not been
established in neonates below the age of 1 month [9].

A skin eruption after an intravenous injection of '*'I-
MIBG suggestive of an adverse allergic reaction has been
reported [10], which could draw attention to a potential
similar adverse allergic reaction to '*’I-MIBG. Therefore,
prior to administration, patients should be questioned for a
history of reactions to iodine, an iodine-containing contrast
agent or other products containing iodine. If the patient is
known or strongly suspected to have hypersensitivity to
iodine, an iodine-containing contrast agent or other prod-
ucts containing iodine, the decision to administer MIBG
should be based upon an assessment of the expected
benefits compared to the potential risks of hypersensitivity.

Physiological distribution

The uptake of MIBG in different organs depends on
catecholamine excretion and/or adrenergic innervation.
Most MIBG is excreted unaltered by glomerular filtration;
<1% of the injected dose is eliminated via the faeces. A
rapid initial clearance of circulating MIBG is observed,
followed by a slow clearance as MIBG is released from
other compartments. In patients with normal renal function,
approximately 50% of the administered radioactivity
appears in the urine by 24 h, and 70-90% of the residual
activity is recovered within 48 h. MIBG is not cleared by
dialysis. MIBG is generally taken up mainly by the liver;
lower uptake has been reported in the spleen, lungs,
salivary glands, thyroid, skeletal muscles and myocardium.
Normal adrenal glands do not usually show activity, but
faint uptake may be visible 48 h after injection in up to 15%
of patients. MIBG may accumulate to a variable degree in
the nasal mucosa, lungs, gallbladder, colon, uterus, bladder
and urinary tract. Free '*’I in the bloodstream may lead to
some uptake in the digestive system and also in the thyroid
(if not properly blocked). Bone uptake is not seen after
MIBG administration [1, 5, 7].

Administered activity, dosimetry and radiation exposure
It is not possible to make precise recommendations
regarding injected activities in this proposal for standardi-

zation since solid evidence documenting superior results
with certain activities is not available. The injected activity
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is always a compromise between higher activities to obtain
better image quality and lower activities to keep radiation
doses as small as possible, taking into account the image
acquisition and instrumentation used and the anthropometric
characteristics of the patient.

Around 111-370 MBq of MIBG is administered in an
adult patient of normal weight for a study on a multiple-
head camera. The activities to be administered in paediatric
patients should be in agreement with the views of the
Paediatric and Dosimetry Committees of the EANM [11],
with a minimum recommended activity of 80 MBq
[11, 12]. The dosage recommendations should be taken in
the context of “good practice” of nuclear medicine and do
not substitute for national and international legal or
regulatory provisions. Nuclear medicine physicians
should respect the diagnostic reference levels and the
rules dictated by local legislation. The injection of greater
activities needs to be justified.

Radiation dosimetry

The absorbed radiation doses to various organs in healthy
subjects of various ages following administration of MIBG
are given in Table 2. The data are quoted from ICRP 80
[13]. The organs with the highest absorbed dose per unit
activity administered (mGy/MBq) are the liver, bladder,
gallbladder, spleen, heart, and adrenals. It is advisable
to encourage frequent voiding for the first 48 h after
MIBG administration to minimize radiation dose to the
bladder.

In patients with severe renal impairment the absorbed
radiation dose may be increased and the quality of images
decreased due to the delayed elimination of the radiophar-
maceutical. MIBG may have a limited role in the diagnostic
evaluation of patients with severe renal impairment;
moreover, the safety and efficacy of MIBG have not been
established in these patients.

Radiation exposure

In general, radiation exposure to the hospital staff and to
relatives of patients is limited, and no special precautions
are needed.

Image acquisition

Instrumentation

A single (or multiple) head gamma camera is necessary to
acquire planar and SPECT images. Dual- or triple-head

systems represent the state of the art for SPECT imaging
since they reduce the acquisition time for the same amount
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Table 2 Absorbed doses per

unit of activity of '>*I-MIBG Organ 5-year-old child 15-year-old child Adult

administered (mGy/MBq)
Adrenals 0.045 0.022 0.017
Bladder 0.084 0.061 0.048
Bone surfaces 0.034 0.014 0.011
Brain 0.016 0.0060 0.0047
Breast 0.017 0.0068 0.0053
Gallbladder 0.054 0.025 0.021
Stomach 0.030 0.011 0.0084
Small intestine 0.030 0.011 0.0084
Colon 0.029 0.011 0.0086
Heart 0.055 0.024 0.018
Kidneys 0.036 0.017 0.014
Liver 0.18 0.087 0.067
Lungs 0.049 0.023 0.016
Muscles 0.020 0.0084 0.0066
Oesophagus 0.021 0.0088 0.0068
Ovaries 0.025 0.011 0.0082
Pancreas 0.042 0.017 0.013
Red marrow 0.018 0.0079 0.0064
Skin 0.013 0.0051 0.0042
Spleen 0.066 0.028 0.020
Testes 0.018 0.0075 0.0057
Thymus 0.021 0.0088 0.0068
Thyroid 0.019 0.0073 0.0056
Uterus 0.029 0.013 0.010
Remaining organs 0.020 0.0085 0.0067
Effective dose (mSv/MBq) 0.037 0.017 0.013

Modified from reference [1]

of administered dose, thus reducing the likelihood of
patient motion during the acquisition.

Although issues related to extensive availability of low-
energy, high-resolution (LEHR) parallel-hole collimators
determine their common use for '2°I studies, medium-
energy (ME) collimators have been shown to provide
superior semiquantitative accuracy in these types of studies
[14—-16]. This is because, in addition to the prime emission
of 159-keV photons, '*’I emits high-energy photons of more
than 400 keV (approximately 2.87%, main contributor
529 keV, 1.28%), which lead to penetration of the LEHR
collimator septa and cause scatter detected in the 159-keV
energy window. ME collimators minimize the effects of
septal penetration [14—16].

The energy window is usually symmetrically centred to
20% of the 159-keV '**I photopeak.

Acquisition modality

Planar images of the thorax are acquired 15 min (early
image) and 4 h (late image) after injection, with the patient
lying in the same supine position (female patients without
wearing bra). Optionally, a SPECT study using a pixel size

of 6.440.4 mm can be performed after early and late planar
imaging, with the patient’s left arm elevated above the
head. Zoom should be performed as necessary for cameras
with a large field of view.

Planar images are acquired for 10 min in the anterior
view and stored in a 128x128 or 256x256 matrix. In
addition to the type of collimation used, the time delay after
injection of MIBG to the start of the acquisition and
acquisition duration may explain variations in MIBG
uptake semiquantification [17].

For SPECT studies using single- and dual-detector
systems, a rotation of 180° is used, starting at 45° right
anterior oblique projection and proceeding anticlockwise to
the 45° left posterior oblique projection. Dual detectors
should be in a 90° or “L” configuration. For triple-head
systems, 360° rotation is used. Acquisitions at 180°
generally give higher contrast resolution but more geometric
distortions than the 360° rotation. Images are stored in a
64x64 matrix.

Comparable to myocardial perfusion SPECT imaging [18],
64 projections over 180° or 128 projections over 360° are
usually recommended. The time per projection is a compro-
mise between improved count statistics and increasing the
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likelihood of patient movement. The overall acquisition time
should be <25 min. The acquisition time or injected dose can
be reduced with the combination of new iterative reconstruc-
tion methods with dedicated detectors and collimators
optimized specifically for myocardial perfusion imaging [19,
20]. Compensation for attenuation and scatter (cf. Sect.
" Attenuation, scatter and collimator response compensation')
will slightly prolong the study time. Studies with gated
SPECT have not been reported in the literature.

Quality control

QC includes assessment and calibration of gamma camera
performance in planar and SPECT modes, as well as revision
of the acquired and processed data [21, 22]. Checking of
gamma camera performance should follow the manufacturer’s
specifications and should be measured according to the
recommendations of the National Electrical Manufacturers
Association [23]. The schedule and frequency of QC tests
should accord with national guidelines and requirements.

The acquired cardiac sympathetic data must be reviewed
immediately after acquisition and before the patient leaves
the department to be able to correct any detected problem
or repeat the acquisition. The review should be made with
the rotating cinematic mode of data projection and a
sinogram at the level of the myocardium, and should
include the following:

— Complete data within the set of projection views (no
blank/corrupted views).

—  Expected count content of the study.

— Problems related to detectors (e.g. drift in energy
window, unexpected detector artefacts).

— Smooth transition of images between projections and
detector heads (for multiple-head acquisition).

— Attenuation artefacts.

— Patient motion.

— Unusual activity (e.g. injection site, arms at the side of
the body).

— Truncation of cardiac activity or severe truncation of
body activity.

—  Consistent positioning and rotation orbit.

For QC regarding attenuation and scatter compensation,
cf. Sect. "Attenuation, scatter and collimator response
compensation"; for reconstruction and processing, cf. Sect.
"SPECT reconstruction methods"; and for display, cf. Sect.
"Reports, image display".

Different motion correction software packages are
currently available to correct for vertical translational motion
of the heart during acquisition. Some methods use external
point sources [24], while others use fitting to an idealized
sinogram [25]. If manual methods are chosen, consistent
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landmarks should be used. Only those movements of two or
more pixels in the projections are able to produce significant
artefacts and are recommended to be corrected [25].

SPECT reconstruction methods

SPECT cardiac sympathetic images result from a complex
process of reconstruction algorithms. A high quality of the
acquired raw data is of paramount importance regardless of
potential corrections that can be applied during the
reconstruction process.

Two different reconstruction methods are currently
available: the analytical or filtered back-projection (FBP)
method and the statistical or iterative reconstruction
method. FBP commonly uses a ramp filter in conjunction
with a low-pass filter (e.g. Hanning or Butterworth) to
reduce the high spatial frequency components of the image
thus decreasing the noise (at the expense of a reduction in
spatial resolution) of the image. Usually, the cut-off
frequency and power factors of the low-pass filter may
follow the recommendations of the vendors if standard
activity amounts of radiopharmaceuticals and imaging
techniques are used, although preferably they should be
determined empirically by each department. The chosen
filter should produce images of similar quality over a
reasonable range of count levels. Filter characteristics
should not be varied routinely, and if a study is expected
to have low count rates, it is preferable to adjust the
acquisition time. Care must be taken when filter parameters
from one manufacturer’s system are compared with those
from another system since the mathematical definition of
the filter may vary between systems.

Iterative reconstruction [26] works by creating the final
image by successive approximations or estimates, and it does
not require a filtering step such as the ramp filter in FBP. If the
acquired data are noisy, a low-pass 2-D filter can be applied to
the projection data or a 3-D post-filter can be applied to the
tomographic images. The most commonly used iterative
methods are the maximum likelihood expectation maximiza-
tion (MLEM) and the ordered subsets expectation maximiza-
tion (OSEM), the latter reducing the processing time [27]. The
number of iterations should guarantee a sufficient quality of
the images and depends on the method used and the image
noise. Usually, 10 to 15 iterations are recommended for
MLEM [28] and two for OSEM.

Reorientation of the reconstructed transaxial data into the
three standard image planes should be consistent to avoid
artefacts, which may be mistaken for sympathetic innerva-
tion defects. Automated methods of reorientation are
available [29, 30], and have been shown to be at least as
accurate as trained operators, and probably achieve greater
reproducibility in SPECT myocardial perfusion studies.
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However, these methods may fail in patients with large
tracer uptake defects and cardiac orientation abnormalities.
If manual reorientation is chosen, the operators should use
reproducible landmarks for definition of the long axes.
Common landmarks include the apex and points on the
valve plane.

Attenuation, scatter and collimator response
compensation

Currently most commercial camera systems offer a combi-
nation of software and hardware to perform attenuation,
scatter and collimator response compensation. However
differences from one vendor to another force to consult for
each system characteristics before utilization. In addition,
because of the rather fast development in the technology
and the significantly different requirements of the systems
available, it is not feasible at present to establish a
standardization of these compensations. However, com-
bined application of both the attenuation and the scatter
compensation to the emission data is necessary since these
data usually contain a significant percentage of scattered
events. Failure to incorporate the effects of scatter into the
attenuation map may result in over-compensation of the
data and introduction of artefacts. There are several
algorithms for scatter compensation with still no evidence
in favour of any one of them: (1) utilization of one or more
additional energy windows to model the scatter component
[31, 32]; (2) reduction of the primary energy window to
minimize scatter; and (3) modelling of the scatter based on
the emission data [33]. The last of these algorithms is
potentially the most attractive option, as unlike the others it
does not incorporate additional noise into the data [33].
However, data on the effect of scatter correction methods in
MIBG studies on semiquantitative cardiac analysis are
limited [14, 16].

The purpose of depth-dependent resolution recovery
algorithms is to improve the uniformity of resolution over
the myocardium since parameters such as type of collima-
tion, type of orbit and acquisition arc affect spatial
resolution and result in different resolution of the images
with rotation. The accuracy and validity of these algorithms
has not been well studied, but they probably improve
SPECT imaging, especially when they are incorporated in
combination.

Noncompensated and compensated data should be
viewed side by side to determine changes in image quality
resulting from the compensation applied [34]. Furthermore,
careful QC of the attenuation map (e.g. uniformity of
attenuation coefficients, truncation, and definition of lung
boundaries) and its registration with the emission are
essential.

Data analysis and interpretation

For adequate interpretation of cardiac sympathetic images,
a systematic visual review of planar and SPECT raw data
and reconstructed images on a computer screen is recom-
mended. The system for reviewing comprises several
reviewing levels of increasing complexity:

— Simple analysis of raw data for assessment of QC, LV
size and degree of lung uptake of the tracer.

—  Planar H/M ratio semiquantification (Fig. 1).

—  SPECT slices (without and, if available, with attenuation/
scatter/collimator response compensation).

—  Polar maps.

— Integration with clinical data.

MIBG uptake is semiquantified by calculating a heart-to-
mediastinum (H/R) ratio [35, 36], after drawing ROIs over
the heart (including or not including the cavity) and the
upper mediastinum (avoiding the thyroid gland) in the planar
anterior view. Average counts per pixel in the myocardium
are divided by average counts per pixel in the mediastinum
[37]. The myocardial washout rate (WR) from initial to late
images is also calculated, and expressed as a percentage, as
the rate of decrease in myocardial counts over time between
carly and late imaging (normalized to mediastinal activity)
(Fig. 1). The late H/M ratio reflects the relative distribution
of sympathetic nerve terminals, offering global information
about neuronal function resulting from uptake, storage and
release [38]. The WR reflects the neuronal integrity or
sympathetic tone, mainly representing uptake-1 [38]. More
studies are needed to establish the differences between early
H/M ratio, late H/M ratio and WR. Intraobserver and
interobserver variability in these calculations are <5% [37].
Normal values for late H/M ratio and WR vary in relation to
age (inversely for the late H/M ratio, directly for the WR)
[36, 39] and image acquisition (LEHR vs. ME collimation
and acquisition time). A time decay correction is required
when comparing different image acquisition times (Fig. 1).
Improved standardization of cardiac MIBG imaging proto-
cols would contribute to increased clinical applicability of
this procedure [3, 17].

For SPECT image interpretation, tomographic slices
should be assessed scaled to the planar appearance. All
three image planes should be inspected: short axis,
horizontal long axis and vertical long axis. Late and early
images should be identically aligned in such a way that the
tomograms are carefully displayed with anatomically
corresponding late and early slices under each other, from
apex to base. Preferably, a format that allows simultaneous
inspection of the three image planes is used. A continuous
colour scale should be used, preferably the same as that
employed for myocardial perfusion imaging (Fig. 2). If
attenuation/scatter/collimator response compensation has
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{H}

HIM =

M)

{H}e = ({H} x 1.217)

WR = x 100

{H}.

({H}e = {M}e) = (({H}, = {M},) x 1.217)

WRBKG corrected — x 100

({H}e = {M})

{} = mean counts per pixel
* = 123] decay correction for 3 h and 45 min (1 = 0.8213)

Fig. 1 Semiquantification of MIBG uptake on the planar anterior
view of the thorax. Heart-to-mediastinum ratio (//R) and myocardial
washout rate (WR) are calculated after drawing a ROI over the heart
(H) and the upper mediastinum (M) in the early (e) and late (/) images
(BKG background)

been applied, both images with and images without
compensation should be evaluated (cf. Sect. "Attenuation,
scatter and collimator response compensation") and cf.
Sect. "Reports, image display").

Polar maps (bull’s eye) display facilitates assessment of
the presence, extent and location of sympathetic abnormal-
ities. LV size, however, is not represented in the polar map.
In addition, the polar map does not disclose possible
artefacts such as extracardiac hot spots or attenuation
problems. Polar maps should be derived from an identical
delineation and orientation of the early and late tomograms.
Otherwise, the corresponding parts of the polar maps will
not relate to identical parts of the myocardium and false-
positive differences in sympathetic activity may be seen in
the polar maps. Some programs include manual steps such
as identification of apex and base in the short axis slices,
resulting in considerable interoperator variability. Com-
pletely automated programs have the advantage of low
interoperator variability, but there can be considerable
differences between different automated programs, which
should be taken into account, especially if more than one
program is used at the same site.

Three-dimensional display of the LV may also facilitate
assessment of the presence, extent and location of sympa-
thetic abnormalities, and would allow assessment of LV
size and configuration. In addition it may be helpful for
correlation of sympathetic activity data with other exami-
nations such as myocardial perfusion, echocardiography
and coronary angiography, in particular in the communica-
tion with clinical cardiologists. Careful interpretation
should be performed, with knowledge of normal variants
and potential artefacts. Normal cardiac MIBG distribution
includes a relatively low uptake in the inferior wall [40],
which is more pronounced in the elderly. In addition, there
may be substantial MIBG uptake in the liver, which
overlaps the inferior LV wall (Fig. 2). Moreover, scattering
from the lung field to the lateral LV wall may also occur.

An area of decreased uptake of the radiopharmaceutical
should be described with respect to localization, severity
and extent. One approach consists of dividing the myocar-

Fig. 2 Normal MIBG cardiac sympathetic SPECT study. Images were
obtained 4 h after tracer injection. There is homogeneous distribution
of the radiotracer throughout the left ventricular walls. Top row: short-
axis slices (extending from the apex to the base). Middle row: vertical
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long-axis slices (extending from the septum to the lateral wall. Bottom
row: horizontal long-axis slices (extending from the inferior wall to
the anterior wall)
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dium into a standardized 17-segment model using the
associated nomenclature, parallel to myocardial perfusion
SPECT [41]. It is essential to bear in mind that since
SPECT imaging only provides information about relative
innervation heterogeneity, tracer uptake in the different
segments is assigned to a relative scale where the best
innervation region is set to maximum and has the brightest
colour. Therefore, SPECT segments should be mentally
rescaled according to the level of tracer uptake of the late
planar image and corresponding H/M ratio. Accordingly, a
five-point scale ranging from 0 (normal uptake) to 4
(uptake absent) can be used to score each segment. The
total score of the LV is referred to as the summed score,
which has been shown to be of prognostic value [42]. The
extent of tracer uptake abnormality can be qualified as
small, intermediate or large in terms of the number of
segments affected or the percentage of LV involvement
(e.g. <11%, 11-19% and >20%, respectively).

Variables such as patient age, acquisition and processing
protocols, as well as the compensation algorithms applied, can
potentially influence cardiac sympathetic images. Therefore
there is a need to develop programs that highlight regions with
“significantly” reduced tracer uptake and quantify the extent
and severity of sympathetic activity defects, based on suitable
databases comprising different reference populations and
similar acquisition/processed parameters for the examined
patient. Simultaneous assessment of myocardial sympathetic
and perfusion imaging allows evaluation of the presence of
match/mismatch, and may have additional value in particular
in patients with arrhythmogenic risk [4].

Reports, image display

Reports should be concise and easily understandable by
referring physicians.

The patient’s personal details (name, age, date of birth
and gender) should be included at the start of the report.
Any hospital/clinic identification number and the source of
the referral should also be included. The clinical indication
(s) for the study should be stated, including relevant clinical
history. The information provided in this section supports
the justification for the study and provides a focus for the
final conclusion.

The appearance of images should be described succinctly,
including a statement on quality if suboptimal. Sympathetic
activity defects should be classified in terms of location
relative to myocardial walls, extent and severity. Other
abnormalities that should be mentioned are LV dilatation,
increased lung uptake of tracer, or significant noncardiopul-
monary tracer uptake. The findings should be integrated with
the clinical data to reach a final interpretation. A comparison
with any previous study should be included.

If the study is considered normal, this should be stated,
specifically bearing in mind that homogeneous cardiac
sympathetic activity confers a benign prognosis [43]. If the
study is abnormal, the report should comment on the
presence (if any) of focal or diffuse sympathetic abnormalities
and significant artefact. If there is an abnormality, its location
(in terms of segments affected), extent (in terms of numbers of
segments affected) and severity (in terms of summed score)
should be noted.

Hard copies of the anterior planar early and late images
should accompany the report. Optionally, all three SPECT
projections in the standard orientation should be repre-
sented with careful alignment of the early and late slices. If
multiple slices are presented then short axis slices should be
displayed with the apical slices to the far left and
progression of slices toward the base in a left to right
mode, vertical long axis slices should be displayed left to
right from the septal slices through the midventricular slices
to the lateral slices and with the apex on the right, and
horizontal long axis slices should proceed left to right from
the inferior to the anterior/superior surface with the apex on
the top (Fig. 2) [44].

Early and late images should be presented in a format
that allows ready comparison of corresponding tomograms.
Polar map displays can additionally be appended. It is
recommended that images be displayed using a continuous
colour scale, which should be shown on all image
reproductions. Each set of tomograms should be displayed
with the top of the colour scale at the maximum within the
myocardium for each set. Care should be taken if the
maximum lies outside the myocardium or in different
myocardial locations between late and early studies; these
are cases where manual adjustment or masking of extrac-
ardiac activity may be required. The bottom end of the
colour scale should be set to zero and background
subtraction should be avoided.

Clinical settings

Reduced cardiac MIBG uptake has been observed in
patients with chronic heart failure, and among these
patients, those with the lowest uptake tend to have the
poorest prognosis [35, 38, 43, 45-49]. Some studies have
also revealed that abnormalities of cardiac MIBG uptake
may be predictive of increased risk of ventricular arrhyth-
mia and sudden cardiac death [42, 50-53]. Efforts need to
be made to standardize the procedure to help obtain
extensive data and appropriate evidence to support routine
clinical application. Accordingly, indications for MIBG
cardiac imaging have been included in the guidelines for
the clinical use of cardiac nuclear medicine published by
the Japanese Circulation Society [54]. In these guidelines,
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MIBG cardiac imaging has received class I classification
for the evaluation of severity and prognosis of heart failure,
but at evidence level C, since most studies had been
conducted in a small number of patients at a single
institution. A number of studies have recently been
published with larger numbers of patients in Europe and
the US, including prospective and multicentre accrual, and
have provided additional evidence on the utility of cardiac
sympathetic imaging in heart failure. The ADMIRE-HF
study has recently provided validation of the independent
prognostic value of cardiac MIBG imaging in the
assessment of patients with heart failure [43].
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