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Is SpECT-CT the new gamma camera?
p. Hogg, Manchester (UK)

This presentation will consider a range of issues that influence the decision to use SPECT-CT in the 
[normal] clinical routine. The presentation starts with a philosophical debate about how new technology 
and its applications accommodate into clinical routine; this debate is followed through to demise and 
resurgence. Building upon this some milestone points are explored in the evolution of gamma camera 
imaging, through to the introduction of low and high resolution SPECT-CT imaging. The latter part of 
the presentation will concentrate specifically upon SPECT-CT, giving suggestions on where CT is likely 
to have a routine clinical application. Controversies on where more consideration needs to be given on 
whether low or high resolution CT will be considered. It is worthwhile noting that prior to attending 
this presentation the audience should have a good standard of factual knowledge and working practice 
experience about gamma camera imaging and, ideally, SPECT. 

Clinical practice has evolved rapidly in the past few decades and many factors have brought this about. 
Our understanding of fundamental science (eg physics and chemistry) and human physiology together 
with advances in technology have cultivated a rich foundation from which complex and clinically valu-
able diagnostic, prognostic, palliative and therapeutic procedures have developed. New technologies 
with their methodologies have been introduced, explored and understood, resulting in their niche being 
identified. The position of [new] technology within the diagnostic / therapeutic armoury continually 
evolves - in some cases advances in related fields can lead to demise, in other cases there might be 
continual resurgence of particular clinical-technological solutions. [Modern] clinical practice places an 
ever increasing demand upon those that manage and deliver it and the finances required to support 
it. More timely and precise diagnosis is required along with an ever increasing requirement to detect 
pathology sooner (eg pre-clinical) in order that treatment can commence in a more timely fashion. This 
[new] paradigm has at its heart increased precision and timelier management coupled with the paradox 
of financial limitation. The latter, of course, demands cost effectiveness. Change, with the constraint of 
financial limitation, has become the norm in modern clinical practice.

The early days of nuclear medicine witnessed the rectilinear scanner being superseded by the gamma 
camera. Various factors accounted for this, most notably the improved diagnostic capability of the 
gamma camera. The introduction of other imaging modalities, such as CT, MR and PET-CT, honed, per-
haps narrowed the diagnostic niche that the gamma camera played. Blood brain barrier imaging (eg, 
using 99Tcm GH - for various pathologies) using the gamma camera is an example of where alternative 
technologies (notably CT and MR) lead to the demise of gamma camera imaging. By contrast, advances 
in radiopharmaceuticals coupled with our understanding of patho-physiology further defined the role of 
gamma camera imaging and to a large extent this resulted in the broadening of its role.

The introduction of SpECT
By the early 1980s some centres had started to explore the value of SPECT and by the mid 1990s, in 
many centres, SPECT had become established as part of the clinical routine. SPECT tended to be per-
formed on anatomically complex areas (eg heart, spine, brain) where there was a need to differentiate 
points of interest from overlying structures. SPECT also had value in quantification of radiopharmaceuti-
cals too. A large body of literature now exists to explain the clinical role that SPECT can play for specific 
body parts and also certain pathologies. The interesting point to remember is that SPECT is not used for 
all gamma camera imaging procedures; rather it is reserved for body parts and pathologies where it is 
clinically useful. As such SPECT can be seen as a valuable and in some cases essential addition to the 
gamma camera, obviously with the level of requirement being dependent upon clinical case mix.

SPECT was not without problems. In some cases, due to poor resolution, radiopharmaceutical distribu-
tion was such that precise anatomical localisation of hot / cold areas was difficult. For example, this 
can be particularly true for hot lesions seen on SPECT images of the lumbar spine, where differentiating 
pedicle and facet joint is hard. Differentiation is important here because, depending upon the clinical 
question, the diagnosis and prognosis could be quite different. Additionally, photon attenuation from 
structures deep within the body meant that counts were lost (attenuated), thus confounding image 
quality and also reducing the accuracy of procedures that required quantification. Initial solutions were 
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offered, involving theoretical attenuation correction maps and also point or line [radioactive transmis-
sion] sources. The latter were used to transmit radiation through patients to generate empirical and 
bespoke attenuation correction maps that could be applied to SPECT data. Both solutions had problems: 
theoretical maps were not accurate; transmission using radioactive sources increased imaging time and 
this became an even greater problem as the source decayed (thus increasing acquisition time further).

pET advances SpECT
By the turn of the millennium PET had started to emerge as a clinical, rather than research, tool. The 
research and clinical applications of PET started to broaden, this drove the need for accurate qualifica-
tion of radiopharmaceutical uptake and also more precise localisation. Attenuation correction, lesion 
localisation and the need to determine the anatomical character of lesions became essential for certain 
PET procedures and given the routine need for PET’s use, speed and accuracy became important. Con-
sequently a CT unit became an integral component of the PET scanner. Shortly after this and largely for 
the same arguments, (eg attenuation and localisation) manufacturers and clinical researchers started to 
investigate the value of CT to SPECT; SPECT-CT was born, albeit ‘low resolution and low dose’, initially. 
The addition of an integral CT unit should be seen as evolutionary in the life of the gamma camera, just 
as SPECT was some years ago.

SpECT-CT hybrid imaging
Like with most new procedures, initially few showed interest in the routine need for SPECT-CT. Sub-
sequently, as research evidence started to emerge the value of SPET-CT began to become clear, just as 
SPECT did some decades ago. Interestingly research into SPECT-CT highlighted new applications hitherto 
not known as this was driven by advances in other fields such as radiotherapy. The current position is 
that when replacing a gamma camera most would consider carefully the need for a system capable of 
SPECT-CT. SPECT-CT systems come with two levels of CT capability: low dose and low resolution; high 
dose and high resolution. The former is adequate for attenuation correction, and though limited for ana-
tomical localisation it can assist in this context. The latter is ideal for anatomical localisation, in some 
cases it helps determine the nature of a pathology and also it can be used for attenuation correction. 
There is a cost for high resolution CT – increased financial commitment and the increased patient radia-
tion dose. Indeed for low and high dose CT both place a similar financial physical infrastructure demand 
because of the additional clinical room shielding that must be afforded. At this point it is worthwhile 
reflecting for a moment on the advances in CT, simply because these capabilities are now available to 
CT units that come with SPECT systems. Spiral CT allows for very rapid cross sectional imaging. After 
contrast enhancement CT units are capable of delineating coronary arteries and the precise localisation 
of certain tumours.

Research evidence has started to emerge to illustrate the potential [routine] clinical value of SPECT-CT. 
The evidence appears to be suggesting a role: in attenuation correction (eg myocardial perfusion imag-
ing) – but only for certain patients; in hot / cold spot localisation (whole body I-131, MIBG 123I and 
131i, dtpa 111in octreotide, 67 Ga – lymphoma, and labelled antibodies); in helping with the diagnosis 
of pathologies - as a complimentary modality to SPECT, just as the traditional arrangements that have 
been in place with separate scanners. It is anticipated that SPECT-CT might have a role in the planning 
of radiation therapy. Similar to SPECT it is clear that CT, both for attenuation correction and lesion 
localisation, has a limited niche. Clearly local case mix is important.

A major controversy presently is whether to purchase a low or high dose/ resolution CT unit. Factors that 
should be considered include patient dosimetry, overall financial burden and of course the managerial, 
diagnostic and prognostic value that will be brought to patients. Whilst the high resolution CT has dis-
tinct value in helping diagnose pathology it comes with an inherently high dose. This raises the question 
of whether a planar x-ray would afford the same diagnostic value, at both a lower dose and lower cost. 
Nonetheless high resolution CT does have diagnostic value in certain conditions, and the addition of this 
to SPECT could make for a smoother, quicker and overall less expensive patient journey. CT for attenua-
tion correction (low dose) has a distinct value for certain conditions too; similarly low dose / resolution 
CT information for lesion localisation has value. Questions need to be asked about whether lesions can 
be localised sufficiently with low dose / resolution CT units, thus sparing the patient an increased radia-
tion burden and the service an additional cost.
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Evidence is emerging about the routine use of SPECT-CT and it is clear that we should be mindful about 
where it should not used, bearing in mind cost and radiation burden. The need for SPECT-CT should be 
determined by local case mix, as such come centres would require this technology and others may not. 
A consequence of this is that SPECT-CT should be seen as an evolution to the gamma camera that will 
have a particular clinical niche, as SPECT currently does. Not all gamma camera imaging needs SPECT. 
Not all gamma camera imaging needs SPECT-CT. For some SPECT-CT is the new gamma camera; for 
others it will not be.
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