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ABSTRACT. During the last two decades, radionuclide myocardial perfusion scintigraphy
(MPS) has become established as the main functional cardiac imaging technique for the
assessment of ischaemic heart disease (IHD). Despite a growing number of alternative
functional imaging techniques, MPS still remains the most widely used technique, with a
wealth of literature supporting its usefulness in assessing IHD and predicting prognosis.
The technique itself has evolved, making it more reliable and robust, with additional
ventricular functional information that further defines the prognosis in these patients.
With the advent of hybrid single photon emission with CT and positron emission
tomography with CT cameras together with the development of new camera technology
that enables faster images with less radiation and better resolution, MPS will remain an
essential part of IHD investigation. There are new promising radiopharmacological
developments and applications such as radiolabelled fatty acids and meta-
iodobenzylguanidine. These will widen the scope of nuclear medicine imaging to include
patients with cardiac failure and acute chest pain presenting to accident and emergency
departments. Nuclear medicine cardiac investigations will continue to have an essential
role in the diagnosis, stratification and prognosis of patients with cardiac disease,
complementing the new developing cardiac modalities such as CT coronary angiography
and MRI.
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Myocardial perfusion scintigraphy (MPS) using single
photon emission computed tomography (SPECT) or posi-
tron emission tomography (PET) is a well-established
mode of investigation in the diagnosis of acute-onset
chest pain as well as evaluation of patients with known
coronary artery disease. The demand for it has increased
unabated despite ever-increasing availability of new
imaging modalities such as CT and MRI: 8.5 million
MPS studies were performed in the USA alone in 2008 [1],
a 370% increase from 2.3 million since 2004. Functional
imaging has remained an important part of the investiga-
tion of ischaemic heart disease (IHD), and its role in the
UK has been re-iterated by the new National Institute for
Health and Clinical Excellence (NICE) guidelines for
acute chest pain [2]. The biggest strengths of nuclear
medicine MPS are the large, well-conducted trials and
the literature for establishing the specificity, sensitivity,
accuracy as well as prognostication of patients. The pro-
gnostic significance of normal and abnormal MPS with
long-term follow-up and angiographic correlation has
been extensively investigated and established [3, 4]. It
has been shown to be cost-effective when utilised for
investigating and managing patients with IHD [5]. In this
review, we shall look at the past and present develop-
ments in nuclear medicine cardiac imaging for both IHD
and non-IHD.

Cardiac SPECT and SPECT/CT

Past developments in imaging myocardium

Hardware
SPECT imaging has superseded planar perfusion

imaging. Multiple planar images of the heart using
photons (c-rays) emitted by radiopharmaceuticals are
acquired by rotating detector heads around the patient,
and myocardial perfusion images are reconstructed
using principles close to CT imaging. It is widely
available and used to assess myocardial perfusion as
well as ventricular function in suspected IHD. Since its
introduction in the late 1980s for routine clinical practice,
the principle has remained the same; however, there
have been several significant modifications for better and
optimal imaging of the heart, for example 180u acquisi-
tions have almost entirely replaced 360u acquisitions.
This has resulted in faster acquisition times, in particular
by using two-headed cameras at a 90u angle. Back-
projection reconstruction of the images has now been
mostly replaced by iterative reconstruction. This techni-
que requires high computing power as it is calculation
intensive. Although it has routinely been available in
nuclear medicine since the 1990s, its use has been
widespread only in the last decade. This technique is
now being introduced to CT imaging owing to the even
higher computing power required for higher resolution
of CT images. This method of reconstruction has reduced
the artefacts from adjacent hot structures such as the
liver and gut. The protocols are standardised and have
been well documented by professional bodies in the UK
[6], Europe [7] and the USA [8] in an attempt to establish
a uniform standard for imaging the heart. This should
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achieve consistent accuracy for this test, enabling the
results of various studies to be translated into daily
clinical practice. However, guidelines have a lag time,
and often with cautious use of the new technology
and software it is possible to achieve better results.
Attenuation correction to reduce soft-tissue attenuation
artefacts was introduced using external beam (transmis-
sion) images using either a c-emitting source or, more
commonly, a low-dose CT in conjunction with SPECT
imaging (SPECT/CT). This has inherent problems, but it
is generally accepted that it helps to improve the accu-
racy in reporting [9].

Radiopharmaceuticals
Thallium-201 chloride was the first pharmaceutical to

be widely used clinically for imaging myocardial
perfusion [10]. It is an excellent agent for imaging
perfusion and is still used to image the heart in many
centres. Because of its relatively long half-life and low-
energy X-ray emission, it is not the ideal agent for
imaging, giving a relatively large radiation dose with
lower image quality than technetium agents. It behaves
like the K+ ion (via Na/K-ATPase), and is redistributed
fairly rapidly, starting 20 min after injection [11]. This
enables imaging of both ischaemic (stress) and resting
images (following redistribution of the agent) without
the need for re-injection. On the other hand, rapid
redistribution images have to be obtained immediately
following stress and cannot be repeated for unsatisfac-
tory images such as patient movement. When planar
imaging was the standard, it was possible to obtain
images within 15 min. With SPECT imaging, which takes
up to 45 min, in theory the later images may represent
the redistribution stage, which may affect the images
adversely. Technetium-based agents for assessing myo-
cardial perfusion are well established [12]. This has the
convenience of production by local radiopharmacies
from cold kits and there is no or minimal redistribution,
so that images can be obtained many hours later with no
loss of diagnostic accuracy. This makes the planning and
timing of imaging more convenient and, if the images are
unsatisfactory (movement or gut activity), rescanning
can be performed. Two technetium-based agents, namely
sestamibi and tetrofosmin, are now both widely used
since their introduction in the early 1990s. They have
similar characteristics for visualisation of myocardial
perfusion. Because of the lower radiation dose to the
patient, higher injection activity (5–10 times that of
thallium), which more than compensates for the lower
percentage uptake in the myocardium, and better photon
characteristics, better images can be acquired in a shorter
time. With technetium agents, 8- or even 16-bin gated
studies (for left ventricular function assessment) can
consistently be obtained in daily clinical practice with a
relatively standard 20 min acquisition.

Software
The display and presentation of perfusion images

comparing two sets of images acquired during stress and
rest has been challenging, in particular if there are
extracardiac high-count areas such as a hot gallbladder
or activity in the adjacent gastrointestinal tract. The
development of cardiac packages has enabled reliable

automatic normalisation of myocardial activity for rest
and stress images for comparison. Such packages pro-
vide semi-quantification measurements for planar [13]
and SPECT images. They also enable easily automated
display of related short and long axes of SPECT images
for side-by-side comparison and provide automated
estimation of the defect size (Figure 1). In addition,
comparison with normal libraries can help to identify
artefacts due to breast or diaphragm and aid in the
correct interpretation of images [14]. Quantification of
the defect either by a segmental scoring system or by
calculation of the percentage of fixed (infarcted) and
reversible (ischaemic) defects has helped to stratify the
significance of defects and patient prognosis. The
algorithms used for cardiac edge detection have been
refined to be more robust and reliable.

Stressing
MPS is used to look at the changes in blood flow with

stress. Traditionally, physical stressing is used to
increase oxygen demand in healthy arteries, leading to
coronary vasodilatation and increased blood flow. In
stenosed arteries, there is no increased flow despite the
increased demand for oxygen. This results in ischaemia
with associated symptoms (pain) and echocardiogra-
phic changes because of myocardial hypoxia. In patients
unable to do physical exercise, dobutamine is used to the
same effect. Dipyridamole induces coronary vasodilata-
tion without increasing the myocardial oxygen demand
by inhibiting the breakdown of adenosine, which is a
potent coronary vasodilator. The coronary vasodilator
effect of dipyridamole is more pronounced than that
caused by stress-induced ischaemia, and thus is most
suitable for MPS. Direct infusion of adenosine for
coronary vasodilatation was soon introduced; this has a
short half-life of about 10 s, with the effects being
reversible within minutes of stopping the infusion. This
makes adenosine a fast, safe and reliable drug to use
for assessing the myocardial perfusion reserve in nor-
mal coronary arteries and the loss of perfusion reserve
in significantly stenosed coronary arteries (commonly
termed ‘‘ischaemia’’). These agents are now widely used
to assess myocardial perfusion with no loss of diagnostic
accuracy for identifying significant stenosis [15].

New developments

Hardware developments
With increasing demand on MPS services, one of the

major limiting factors has been the relatively slow image
acquisition possible with Anger cameras. Several new
cardiac camera systems have now been developed that
enable faster acquisition with better resolution. Some use
new, novel approaches utilising either moving sodium
iodide crystals with coupled photomultipliers or clever
collimator systems to increase the sensitivity by focusing
on a small area (such as the heart). Another exciting
development is the introduction of solid-state cameras
with no moving parts for tomographic acquisitions.
Some of these systems use several fixed pinhole
collimators at different angles focused on a relatively
small organ (heart) to reconstruct perfusion images. At
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the same time, the development and use of resolution
recovery algorithms has enabled better images with
lower counts. Combining the hardware and software
developments with the new camera systems, one can
now acquire a myocardial tomographic study in less
than 5 min with almost twice the resolution of the
standard Anger gamma cameras and lower injected
activity and radiation to the patients [16, 17]. In theory,
even dynamic tomographic images can be performed to
enable absolute blood flow measurements using techne-
tium-based agents for MPS. The new fast cameras also
enable tomographic multigated blood pool studies
(SPECT/multigated acquisition scan) as a fast, plausible
investigation for both left and right ventricular function,
including phase and diastolic function assessment at rest
and stress. Another parallel development has been the
development of the combined structural and functional
images. The advantages of combining the two technol-
ogies has led to the widespread use of hybrid cameras
with sequential CT and SPECT or PET imaging. There
are now several camera systems combining the fast-
acquisition gamma cameras with high-resolution cardiac
CT (hybrid cardiac cameras). Image coregistration using
these hybrid systems enables more informed and better
interpretation of both coronary CT findings as well as
nuclear medicine perfusion imaging (Figure 2) [18, 19].
This has enabled some departments to develop quick
diagnostic algorithms by combining coronary anatomy

with physiological information on blood flow in one
patient visit. Combined images enable better diagnosis,
stratification and treatment planning for patients with
suspected coronary artery disease. Combining calcium
scoring, coronary CT and perfusion imaging in one
patient visit is possible, and there are several depart-
ments looking at the most effective use of such protocols
in daily clinical practice to enable faster and better
diagnosis of coronary artery disease and streamlining the
most appropriate treatment for patients.

Software developments
We have already mentioned the software development

for image acquisition and reconstruction that has led to
faster and better quality imaging with less radiation to the
patient. In addition, there are now several new software
packages available for displaying images. The new
display software packages have better edge detection
algorithms with better display of normalised images. The
introduction of extensive normal libraries has enabled
more accurate semiquantitative assessment of left ven-
tricular perfusion. There are also expert systems for
interpretation and automatic reporting of myocardial
perfusion images [20]. Gating the study enables measure-
ment of various left ventricular functional parameters
such as volumes, ejection fraction and diastolic function.
There is a growing literature on the clinical and prognostic

Figure 1. Patient with a large ischaemic area in the left anterior descending artery (LAD) territory. The image shows a reversible
(white out) and fixed (black out) defect in LAD territory. The extent of the lesion is calculated to be 10% and the calculated
prognostic score is 14, which puts the patient in the high-risk category.

Myocardial perfusion scintigraphy: past, present and future

The British Journal of Radiology, Special Issue 2011 S231



significance of these various perfusion and left ventricular
function parameters [21]. The reporting aid software has
enabled more accurate and objective assessment of the
heart. There is now a growing literature on the uses of
MPS in cardiac failure. In addition to providing informa-
tion on perfusion, it can give an accurate assessment of
both systolic and diastolic left ventricular function,
including phase and movement asynchrony which, in
conjunction with CT anatomy information from hybrid
imaging, can be used in planning for positioning of
various intracardiac devices [22–25]. Another potential
growth area in nuclear cardiac imaging is SPECT blood
pool imaging. There are now software packages that help
to measure left as well as right ventricular function, which
potentially is more accurate than the traditional planar
images, and give additional information on regional wall
movement and various aspects of phase analysis
(Figure 3) [26]. With the new developments in cameras
and software, these studies can be performed in a few
minutes without the need for the patient to lie flat for long
periods, which can be difficult in cardiac failure patients.

Radiopharmaceuticals
Thallium was the first agent routinely used in asse-

ssing myocardial ischaemia. Technetium-based agents (2-
methoxyisobutylisonitrile and tetrofosmin) with minimal
redistribution, better imaging characteristics and less
radiation to the patient are now widely used. For the
foreseeable future, MPS will continue to be used for
assessment of ischaemia. There is now a resurgence and
development of both neutral and cationic technetium- and
iodine-based agents to further improve the characteristics
of perfusion radiopharmaceuticals. The new technological
advances described will enable faster imaging and/or
reduced dose. Faster redistributing agents such as Tc–
teboroxime [12] and the developmental Tc–tricarbonyl
complex (99Tcm-15C5-1-PNP, with relatively fast redistri-
bution and low liver uptake) [27], which were impractical
(because of too fast a redistribution for standard 20 min
imaging using standard gamma cameras), may be re-
introduced for use with the new fast systems. In theory, a
complete study with calcium scoring followed by stress–
rest images and, if necessary, complemented with coronary
CT can be performed in 30 min using a fast redistribution
agent and new fast hybrid cameras.

With the rapid growth of molecular imaging, several
new metabolic markers have been developed for SPECT
imaging, which promises an exciting future for the
development of metabolic function imaging of the heart.
These agents may potentially have a great impact on
nuclear medicine departments. With the shortage of and

price increases in technetium generators and greater
availability of 123I with as favourable imaging character-
istics as 99Tcm, several new agents are emerging for cardiac

imaging. One such agent is 123I-labelled meta-iodobenzyl-
guanidine (MIBG). MIBG is a norepinephrine (noradrena-
line) analogue that is concentrated and stored in the
myocardial pre-synaptic adrenergic nerve terminals in the
myocardium [28]. Sympathetic innervation of the myocar-
dium can be assessed by measuring uptake and washout of
MIBG, giving insight to the state of autonomic innervation
of the myocardium. The ratio of uptake in the myocardium
(heart) to the mediastinum is used to semiquantitatively
assess sympathetic innervation of the myocardium [28, 29].
This measurement has incremental value for the assess-
ment of symptoms and left ventricular ejection fraction in
the risk stratification and prognostication of patients with
cardiac failure and assessment of sympathetic innervation
in various cardiac diseases [30, 31]. It has been shown to
predict response to b-adrenergic blockade and has been
shown to be useful in better selection of patients for
implantable cardioverter defibrillators [29].

Another exciting new development is the introduction of
123I-labelled 15-(p-iodophenyl)-3R,S-methylpentadecanoic
acid (BMIPP), an iodinated fatty acid with high uptake
and retention in myocardium suitable for SPECT imaging.
Iodinated fatty acids are particularly useful for imaging
because they are taken up by myocardium as normal, but
are metabolised with relatively long retention in the
myocardium [32]. Fatty acid is the normal substrate for
energy production in the myocardium. During ischaemia,
fatty acid utilisation is reduced as the myocardial metabo-
lism shifts from fatty acid to glucose utilisation for the
production of energy. This shift persists for up to 12 h after
the ischaemic event has subsided; thus, BMIPP injection
after the ischaemic event can be used to image the past
ischaemic event (ischaemic memory imaging) [33, 34]. Fatty
acid imaging together with rest perfusion imaging can be
used to diagnose ischaemia in suspected acute coronary
syndrome presenting in emergency departments. A recent
study demonstrated a sensitivity of 74% and a specificity of
92% in patients presenting to emergency units with acute
coronary syndrome [35]. In theory, it is possible to perform
both rest (using 99Tcm agents) and 123I fatty acid (ischaemic
memory) imaging without the need for stressing the patient
during the same acquisition (different energy settings) in
acute coronary syndrome [36–39].

Cardiac PET and PET/CT

Cardiac PET has been in use for more than 35 years,
mainly within a research setting. However, in recent

Figure 2. Hybrid image combining a
myocardial perfusion image and CT
coronary angiography. It clearly de-
monstrates the lesion in the coronary
artery (black arrow) and the associated
reduction in perfusion (blue/purple
area shown with yellow arrows).
Hybrid imaging helps to clearly iden-
tify the functionally significant co-
ronary stenosis (Society of Nuclear
Medicine image of the year [18]).
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years, there has been an increase in the use of cardiac
PET and PET/CT for assessment of myocardial perfu-
sion, function and viability in a clinical setting.

Its principle is based on concomitant detection of c-rays
emitted from matter/antimatter (electron/positron) anni-
hilation, which results in 511 keV c-rays being emitted in
almost exactly opposite directions. This enables accurate
localisation with better resolution and less radiation to
patients. PET imaging has had a big impact on the
management of patients with certain types of cancer. This
has led to wider availability in the UK; however, because

of cost and logistics, it is mainly centred in larger imaging
departments and is not as widely available.

Radiopharmaceuticals

There are only four clinical cardiac PET tracers that are
currently widely in use. Three of the tracers are used for
myocardial perfusion and function assessment and only
one of the tracers is for assessment of myocardial
viability (Table 1) [40].

Figure 3. Multigated single photon emission CT (SPECT MUGA) study of a patient with heart failure. Count and volume-based cardiac
function can be assessed. Right and left ventricular parameters include diastolic function and phase analysis of both the right and left
ventricles.
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H2
15O (water) is a clinically inert tracer with free

diffusion across capillary and cell membranes. This
property makes it the ideal tracer in myocardial blood
flow measurement, which will be accurate because of its
high myocardial extraction across a wide range of
myocardial blood flows. Unfortunately, this also leads
to a high concentration in the blood pool, thus causing
difficulty in visualising the myocardium. Furthermore,
as it is produced in a cyclotron and has a short half-life, it
is limited to centres with a readily available cyclotron.

13NH3 (ammonia) is another perfusion tracer that
requires an on-site cyclotron. Nonetheless, it has an
excellent first-pass extraction of 80%, with a linear
uptake over a wide range of myocardial blood flows. It
also produces high-quality images.

82Rb (rubidium), on the other hand, is produced in
a generator, and thus is more readily available and
more economical. It is a potassium analogue and thus
functions similarly to thallium-201. It has a non-linear
extraction pattern with increasing coronary blood flow
but remains superior to 99Tcm-labelled myocardial per-
fusion tracers. This is the most widely used cardiac PET
perfusion tracer in clinical practice. There are now two
centres in the UK using this tracer in clinical practice.

Fluorine-18 fluorodeoxyglucose (18F-FDG) is a PET
tracer used mainly in oncology PET imaging. However,
owing to its property as a glucose analogue, it is an ideal
agent for the assessment of viable myocardium. The
availability of the tracer for oncology PET imaging
because of its longer half-life also allows its more
extensive use for cardiac PET in viability assessment
despite being a cyclotron-produced tracer.

Clinical impact

The evidence for the use of cardiac PET and PET/CT
in a clinical setting for the assessment of myocardial
perfusion, function and viability is increasing. Cardiac
PET perfusion imaging has an overall sensitivity of 92%
and a specificity of 85% for the detection of coronary
artery disease [41]. Sampson et al [42] have also
demonstrated similar results for cardiac PET/CT perfu-
sion with 82Rb, showing a sensitivity of 93%, a specificity
of 83% and a normalcy rate of 100%. Cardiac PET/CT
myocardial perfusion imaging with 82Rb also allows the
assessment of left ventricular systolic function and wall
motion at peak hyperaemia during the stress procedure.
This further improves the diagnostic accuracy for

coronary artery disease [43]. Equally, patients with a
normal cardiac PET myocardial perfusion image have an
excellent prognosis, whereas patients with increasing
size and severity of perfusion defects demonstrate an
increasing cardiac event rate [44–46].

Absolute myocardial blood flow quantification can be
performed with all three cardiac PET myocardial
perfusion tracers. The use of absolute quantification of
myocardial blood flow enables the detection of early
endothelial and vascular changes affecting flow before
overt disease develops as well as detecting multivessel or
left main stem coronary artery disease in situations
where there is balanced flow reduction to all coronary
arteries [47].

The integrated PET/CT cameras now allow anatomi-
cal as well as functional imaging of the coronary arteries
to aid in the detection of coronary artery disease.
Coronary calcium scoring and CT coronary angiography
can now be performed in one sitting in combination with
cardiac PET myocardial perfusion imaging. The CT also
allows a more accurate attenuation correction to be
performed on the myocardial perfusion images.

Finally, 18F-FDG PET cardiac imaging has a high
sensitivity in detecting viable myocardium [48]. This has
a role in clinical practice in influencing patient manage-
ment and improving clinical outcome [49, 50].

There is the worry of increasing cost with the use of
cardiac PET and PET/CT for assessment of coronary
artery disease with the more expensive PET tracers and
PET/CT machines. Nonetheless, both cardiac PET and
PET/CT for myocardial perfusion imaging with 82Rb
and myocardial viability assessment with 18F-FDG have
been shown to be equally cost-effective for the manage-
ment of patients with suspected coronary artery disease
[51–53].

Myocardial perfusion scintigraphy and NICE
guidelines

In 2003, the NICE in the UK recommended myocardial
perfusion scintigraphy as a gatekeeper for angioplasty
[54]. It was shown to be cost-effective both by reducing
the number of unnecessary angiographies and by
directing the planning for appropriate angioplasty. The
use of myocardial perfusion scintigraphy has spiralled in
the UK since the recommendation despite relatively
limited availability of funding and equipment for this
procedure. The more recent NICE guidelines [2] for
patients who present for the first time with acute
chest pain have incorporated the new developments in
imaging, in particular coronary CT calcium scoring,
streamlining the management of these patients. Cor-
onary calcium scoring for initial stratification is the first-
line investigation for these patients, rather than the
exercise tolerance test, which has traditionally been the
most common first investigation. Functional imaging
remains an important step in further stratification of
some of these patients with positive calcium scoring.
Functional imaging remains crucial for the diagnosis
of a large group of these patients. The new guidelines do
not address patients with known coronary disease, and
functional imaging continues to be invaluable in assess-
ment of this group and has not changed.

Table 1. Clinical tracers used in cardiac positron emission
tomography imaging

Tracer

Tissue
positron
range (mm) Half-life

Myocardial uptake
mechanism

H2
15O 1.1 2 min Free diffusion

13NH3 0.7 10 min Diffusion/metabolic
trapping

82Rb 2.6 78 s Na/K-ATPase
18F-FDG 0.2 110 min Glucose

transport/hexokinase

18F-FDG, fluorine-18 fluorodeoxyglucose.
Adapted from Le Guludec et al [40].
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There are now several modalities for assessment of
functional imaging. All have their advantages and
disadvantages and all are in constant development. It is
now possible to assess myocardial perfusion using
cardiac magnetic resonance (CMR) technology, or indeed
contrast CT coronary angiographic (CTCA) imaging.
During the last decade, CMR has developed from a
research tool to a practical diagnostic tool. Its strength is
superb structural detail, with growing functional infor-
mation, and it has the advantage of not using ionising
radiation. However, it is still relatively labour intensive
and has long procedure times. CTCA has meanwhile
developed into a very fast technique (imaging the heart
in one heart beat or in a breath-hold), with a reduced
radiation dose for structural imaging. These technologies
have great promise and will no doubt soon be
incorporated in the routine management of patients with
ischaemia and heart failure.

Myocardial perfusion scintigraphy is a well-estab-
lished technique that has a tremendous wealth of
literature to support its use in management, stratification
and prognostication of patients with ischaemia and heart
failure. With the use of new technology, it is now
possible to obtain more functional information, with
better resolution and less radiation, and with faster
scintigraphy (less than 5 min) it is now possible to offer
the test with same-day results on demand in the clinic.
Unlike the other modalities in which stressing and
contrast injection is performed on the camera systems,
the radiopharmaceuticals can be injected before the
patient comes to the camera, thus minimising the camera
time, increasing patient turnover and also minimising
patient discomfort. New pharmaceuticals will see the
development of this technology for imaging heart failure
and in emergency admissions. Hybrid cameras, on the
other hand, will enable better streamlining of ischaemic
patient investigations with a one-stop diagnostic visit. It
is conceivable to envisage diagnostic algorithms for
selected patients to have calcium scoring and, if
necessary, perfusion CTCA or both in one ‘‘sitting’’.

Cardiac imaging is developing fast. There are now
several options available, all with their own strengths
and weaknesses. The role of each modality will be
changing and evolving. Nuclear (molecular) cardiac
imaging is also evolving and, hand-in-hand with the
other technologies, will continue to play a major role in
the management of patients with cardiac disease.
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