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Today, single-photon emission computed tomography (SPECT) is one of the most applied 
clinical imaging techniques. It allows imaging the dynamic 3-D distribution of 
radiolabelled molecules (“tracers”) in vivo, thus offering the possibility to characterize 
pathological and functional properties of organs and tissues non-invasively and 
longitudinally [1, 2]. The radionuclides used in SPECT tracers usually allow long-distance 
transportation from the production site (most times a reactor) to hospitals and research 
centres, and relatively long-time storage in contrast with most positron emission 
tomography (PET) tracers. As a result, many common SPECT tracers are now 
commercially available. PET usually requires a costly on-site cyclotron and associated 
personnel to produce the most often used positron-emitting tracers. (Nevertheless, for a 
subset of applications, a few PET tracers labelled with long-lived isotopes such as 89Zr are 
also available.) 

In addition to clinical SPECT, pre-clinical SPECT (for imaging of laboratory 
animals) plays an increasingly important role in biomedical research [3–7]. In order to e.g. 
study models of human disease in small animals—usually rodents—novel SPECT devices 
with ultra-high resolution are required, to obtain sufficient detail in the small target organs. 
In most small-animal SPECT systems, the high spatial resolution is achieved by using 
pinhole collimation [8–13]. Although the principles of pinhole camera and pinhole 
magnification are quite simple and well known, many different technologies need to be 
developed in order to obtain high-resolution 3D and 4D images based on pinhole SPECT. 

1.1 Pinhole imaging 

Photons travel in straight lines, thus an inverted image of the illuminated field-of-view 
(FOV) is produced when photons are passing through a pinhole. This effect has been 
mentioned for the first time in Mozi, the philosophical text compiled by Mohists in ancient 
China in the 5th century BCE. In the 9th century CE, during the Tang Dynasty, the image of 
an inverted Chinese pagoda is mentioned in Duan Chengshi’s book Miscellaneous Morsels 
from Youyang. Later, the Song Dynasty Chinese scientist Shen Kuo experimented with 
camera obscura in the 11th century and was the first to establish its geometrical and 
quantitative attributes [14]. Similar discoveries were also made in the West and the Middle 
East, by Aristotle, Euclid, Ibn al-Haytham, Robert Grosseteste, Roger Bacon, Leonardo da 
Vinci, Gemma Frisius, Giambattista della Porta and so on [15–19]. After that, the pinhole 
technique was tried several times by photographers such as Sir William Crookes and 
William de Wiveleslie Abney; Sir David Brewster, a Scottish scientist, took the first 
photograph with a pinhole camera in 1850 [20]. Actually, pinhole cameras are not only used 
by scientists, photographers or artists. Pinhole imaging is a common phenomenon in nature, 
e.g. through holes in the leaf canopy of trees. (Figure 1.1). More data about the history of 
pinholes and their occurrence in nature can be found in [13]. 
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from the theorem and widely used in different tomography systems. The main advantage of 
these analytical algorithms is their computational speed. However, they are usually 
sensitive to noise level, and can hardly compensate for image blurring effects on the 
detector and projection truncation. Moreover, the actual form of calculation is tightly 
related to the projection geometry of the systems. In pinhole SPECT, especially in 
multi-pinhole systems, the pinhole and detector placements are complicated and not fixed 
(i.e. the placement can be optimized differently for variable imaging tasks), but analytical 
methods generally lack flexibility to handle those different situations. Therefore, images of 
the majority of pinhole SPECT systems are reconstructed with statistical algorithms, such 
as the maximum likelihood expectation maximization (MLEM) [30] or its accelerated 
versions. These algorithms perform image reconstruction iteratively. The MLEM algorithm 
can incorporate models to compensate for different types of image degradation, such as 
pinhole and detector blurring, distant-dependent pinhole sensitivity and photon scatter. In 
addition, these statistical algorithms take the characteristics of the noise in the projections 
into account, which makes them more robust to image noise. 

1.3 Statistical image reconstruction 

A SPECT image system can be modelled as a linear transformation: 
 P = M V        (1.3). 

In this equation, V is an unknown vector of voxels that represent the discrete 
distribution of activity concentration in the object. P is the pixel vector of the projections 
that are acquired with the detectors. The transformation matrix M is usually called system 
matrix. A certain element mij of M models the system response from the j-th voxel to the 
i-th pixel, i.e. Pi = mij Vj. If we omit the effects of photon scattering and absorption within 
the object, the system matrix becomes object-independent, thus needs to be measured only 
once for each collimator and can be used for each reconstruction. 

Solving the vector V in Equation (1.3) analytically is not an easy task or not even 
possible, since it actually contains hundreds of thousands of linear equations and unknowns, 
and the exact solution may not even exist in practice. The statistical reconstruction method, 
such as the MLEM algorithm, can solve the problem by means of iterative loops employing 
estimation–comparison–update, which is illustrated in Figure 1.3. At initialization, V can be 
simply set to be a non-zero constant vector or any other better estimation depending on the 
object imaged, denoted by Ve. Then an estimated pixel vector Pe of the projection space is 
computed with the transformation M which simulates the projection process. Pe is 
compared with the real P of the measured projection. The difference of the comparison is 
back-projected to the object space as an error map and this map is subsequently used for 
updating the vector Ve. With proper methods for the comparison and update, the difference 
between Pe and P can decrease during repetition of the loop, thus the error map for 
updating Ve becomes smaller. In situations of low noise and an accurate matrix, it is 
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1.4 Stationary multi-pinhole SPECT 

As described above, some pinhole SPECT devices contain rotating gantry or animal beds 
for acquiring angular projections, while others are stationary systems with multiple 
pinholes. In such stationary multi-pinhole systems, each pinhole and its corresponded 
detector surface form a mini pinhole gamma camera that samples the projection from one 
angle. To acquire sufficient angular projections without any rotation of the heavy detectors, 
there are usually a high number of pinholes spread around the object, which also provide a 
high sensitivity for the system. Moreover, the number of viewing angles can be increased 
by smart use of different bed positions [33]. 

Because the projections from all viewing angles at a single bed position are sampled 
simultaneously in stationary systems, the time of acquiring a complete data set for 
reconstructing a tomogram can be arbitrarily short, despite the noise level. Therefore, 
stationary systems are able to perform dynamic imaging with very short time frames, which 
is very important for assessing tracer and pharmaceutical kinetics in small animals.  

Another advantage of stationary systems is that the mechanisms are inherently very 
stable over time. During acquisition, not hundreds of kilos of detectors are being rotated but 
only a small animal between about 10 and 500 grams is translated in a fraction of the time 
and with much more precision [33]. This also means relatively low expenses for 
maintenance, as compared with rotation-based systems. 

U-SPECT-II (MILabs, Utrecht, the Netherlands) is a typical stationary multi-pinhole 
SPECT system. It has 75 pinholes on its cylindrical collimator that focus on a small area 
inside the collimator. For imaging larger volumes such as the total body of an animal, an 
XYZ stage shifts the animal bed during data acquisition, which is equivalent to moving the 
focused imaging area on the animal. The large volumes are reconstructed with all acquired 
data from all bed positions by means of a scan focus method (SFM) [33]. A detailed 
description of the U-SPECT-II system is given in [26] and will also be partly covered in 
following chapters. 

A notable supplementary introduction to stationary multi-pinhole SPECT is that this 
technique can also be used for imaging the regional distribution of PET tracers if the 
collimator and pinhole apertures are designed to handle 511 keV photons. In this case, the 
photons created by annihilation are treated as single photons and traced not by 
line-of-response but by collimation [34]. Thanks to pinhole magnification, such “pinhole 
PET” (e.g. VECTor, MILabs, Utrecht, the Netherlands) can reach higher spatial resolution 
than traditional micro-PET systems, with a trade-off regarding the sensitivity and the size of 
the field-of-view that can be seen in a single bed position. 

1.5 Applications of small-animal SPECT 

Small-animal SPECT systems are capable of clarifying molecular interactions that are 
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important for assessment of drug candidates and imaging agents, for investigation of 
disease progression, and for monitoring therapeutic effectiveness of pharmaceuticals in 
longitudinal studies. 

Small-animal SPECT is able to perform cardiovascular imaging of rodents well. 
With ultra-high resolution and extremely fast acquisition speed of stationary pinhole 
systems, it is possible to perform gated imaging of tiny, fast-beating rodent hearts, which 
meets the basic requirements of cardiology studies in small animals and evaluation of new 
myocardial imaging agents in vivo [35]. 

Tumour imaging is another important application of small-animal SPECT. Imaging 
small-animal models of cancer can be used to investigate the interaction of a tumour with 
its microenvironment, monitor gene expression in a certain kind of tumour, and help to 
better define tumour volumes or identify sites of poor tissue oxygenation in radiation 
treatment plans [6]. 

Brain research can also benefit from small-animal SPECT. For instance, accurate 
imaging results could be provided by pinhole SPECT in studies of the dopaminergic system 
in mouse brain [36]. When combined with anatomic data such as MRI images, the 
functional SPECT images become particularly valuable for studying neural interactions in 
cerebral substructures. 

1.6 Thesis outline 

This thesis describes further development of quantitative multi-pinhole SPECT and some 
applications. First, a brief technical overview of small-animal SPECT and SPECT/CT 
systems is given in Chapter II, as well as a review of a list of applications in cardiovascular 
research. Chapter III focuses on myocardial perfusion imaging of mice with simultaneous 
cardiac and respiratory gating. This chapter shows heart images that were acquired with 
different gating schemes, different animal positioning, and filtered with different kernel 
sizes. The images and their derived cardiac parameters were compared. 

In order to perform more accurate and complicated animal studies, quantitative 
small-animal SPECT images are required. An important issue in absolute quantification is 
attenuation correction, which is thoroughly discussed in Chapter IV and V. Chapter IV 
proposes an optical-contour-based modified first-order algorithm for uniform attenuation 
correction, and evaluates this method in U-SPECT-II. In Chapter V, the algorithm was 
extended to use X-ray CT information so that it can perform non-uniform attenuation 
correction. A comparison between these methods is also made. Chapter VI investigates the 
influence of attenuation map inaccuracy on micro-SPECT quantification. The final chapter 
provides a general summary and discussion. 
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Abstract 

Preclinical cardiovascular research using non-invasive radionuclide and hybrid imaging 
systems has been extensively developed in recent years. Single photon emission computed 
tomography (SPECT) is based on the molecular tracer principle and is an established tool in 
non-invasive imaging. SPECT uses gamma cameras and collimators to form projection data 
that are used to estimate (dynamic) 3D tracer distributions in vivo. Recent developments in 
multi-pinhole collimation and advanced image reconstruction have led to sub-millimetre 
and sub-half-millimetre resolution SPECT in rats and mice, respectively. In this article we 
review applications of micro-SPECT in cardiovascular research in which information about 
the function and pathology of the myocardium, vessels and neurons is obtained. We give 
examples on how diagnostic tracers, new therapeutic interventions, pre- and 
post-cardiovascular event prognosis, and functional and pathophysiological heart conditions 
can be explored by micro-SPECT, using small-animal models of cardiovascular disease. 
 
Keywords: micro-SPECT, micro-SPECT/CT, cardiovascular imaging 

2.1 Introduction 

Small-animal models of cardiac disease play an important role in cardiovascular research, 
and the ability to translate the findings to the clinic has been proven in many cases [37–39]. 
The use of radionuclide imaging in small animals has provided many advantages for 
researchers to investigate in vivo molecular processes in cardiovascular pathology. 
Small-animal single photon emission computed tomography (SPECT) systems are now 
used by many centres for tracer development, therapy evaluation and pathophysiology 
investigations. Here we discuss the basic principles and preclinical applications of 
micro-SPECT and combined micro-SPECT/CT in cardiovascular research. 

2.2 Background of micro-SPECT and micro-SPECT/CT 

SPECT is based on the molecular tracer principle and detection of gamma rays by 
radiolabelled molecules. The suitable energy range of gamma rays for clinical SPECT is 
typically around 60–300 keV. Due to the small size of rats and mice, isotopes with much 
lower energies (e.g. 125I, with 27–35 keV) can be employed in micro-SPECT, which would 
not be useful for imaging in patients. For obtaining tomographic images, tens up to 
hundreds of projection images of the animal are acquired with position-sensitive 
gamma-detectors. Today almost all small-animal SPECT is performed with pinhole 
collimators, since these collimators provide a much better noise resolution trade-off in 
small objects than parallel hole or fan-beam collimators that are commonly used in clinical 
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reversed for micro-SPECT since the best resolution of commercial micro-PET systems is 
still above 1 mm [47, 48]. 

Perfusion SPECT provides valuable information for the diagnosis of patients with 
coronary artery disease (CAD). For example, in triple vessel disease, in which tracer 
delivery to the whole myocardium is diminished due to balanced hypoperfusion, SPECT 
images may be interpreted as normal in qualitative or semi-quantitative image analysis 
because comparison of the defective area with the region of the most intense uptake will not 
show any difference from normal. Absolute quantification of tracer uptake, which measures 
megabecquerels of tracer uptake per gram of tissue, can solve this problem [49]. The most 
prominent obstacles to absolute quantification in clinical SPECT used to be photon 
absorption and scattering, but today these problems are much smaller: SPECT systems 
equipped with transmission sources or, more recently, integrated with CT scanners are on 
the market [50–53]. These allow accurate correction for attenuation, and also use accurate 
methods to correct for scatter and collimator and detector blurring [54–63]. Cardiac and 
respiratory movements also degrade quantification, but both could be dealt with through 
(dual) gating as used in micro-PET imaging [64]. Although significant technical 
improvements for absolute quantification of myocardial perfusion using micro-SPECT have 
been introduced in recent years, the “roll-off” phenomenon with typical commercial SPECT 
perfusion agents under hyperaemic conditions, even in humans with less myocardial blood 
flow than mice, still remains a limitation for accurate measurement in myocardial perfusion 
imaging. 

Quantification errors due to scatter and attenuation do degrade small-animal studies 
to a much lesser extent than in clinical SPECT because of less photon attenuation in small 
bodies (about 25% in the centre of a rat body when imaging with 99mTc [65]). Micro-CT 
imaging is able to provide photon attenuation information which can be used for 
non-uniform attenuation correction in micro-SPECT. However, several studies [65, 66] 
have shown that uniform attenuation correction (which may be based on the animal’s body 
contour) may reduce quantification errors from more than 10% to less than 5%. Therefore, 
a CT scan that adds dose and needs additional scanning equipment and scan time may be 
unnecessary. A webcam-based correction has been proposed [66]. 

Multimodal imaging can rely on separate devices (Figure 2.1a) in which images are 
fused through markers [67, 68], or marker-free methods in which the spatial relationship 
between beds is known through calibration [67, 69]. The accuracy of registration can be 
very satisfactory (0.2 mm), and an advantage is that SPECT and CT can be used in parallel, 
and are individually upgradable. Also registration with other systems such as MRI can be 
based on the same principles. The advantage and disadvantages of both approaches have 
been discussed [59, 70]. 

An attractive aspect of high-resolution integrated micro-SPECT/CT devices [71–74] 
(e.g. Figure 2.1b) is that the bed with the fixed animal does not have to be moved from one 
scanner to another. Integrated SPECT/CT, in which the bed moves through both the SPECT 
and the CT scanner is very convenient, although this approach is hard to extend to MRI, 
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and image registration is still needed to obtain accurately matched combined images. 
The translatability of the cardiovascular systems of small animals including mice 

and rats to the human cardiovascular system and the exceptional characteristics of modern 
micro-SPECT and multimodality imaging approaches provide promising opportunities in 
preclinical cardiovascular research. Novel micro-SPECT systems can provide quantitative 
images, and can perform longitudinal studies in the same animal, a high pinhole 
magnification factor resulting in high resolution, possibly dynamic imaging, and 
multi-tracer imaging. Micro-SPECT and micro-SPECT/CT systems have a wide range of 
applications in preclinical cardiovascular research, including investigation of myocardial 
left ventricular (LV) parameters such as ejection fractions and volumes, cardiac innervation 
parameters, vascular and atherosclerosis parameters, and the timing of administration and 
dose of novel radiotracers and biomarkers. 

2.3 Myocardial applications 

2.3.1 Left ventricular function 

In order to assess the functional condition of the heart in transgenic mouse models in vivo, 
small-animal heart imaging can be used for verifying phenotypic differences as well as 
assessing the benefits of certain therapies. The ability to acquire gated images in small 
rodents which have high heart rates has eliminated the heart motion effect (Figure 2.2). It 
has been shown that 99mTc-labelled radiopharmaceuticals, which are routinely used for 
SPECT imaging in humans, can demonstrate viable tissue and perfusion status in animal 
models of ischaemia/reperfusion [45]. Further studies have demonstrated that myocardial 
perfusion defects are correlated with the true size of the defect, and can be analysed 
quantitatively as well as qualitatively [75, 76]. Liu et al. used animal models of myocardial 
ischaemia with coronary artery ligation and acquired images after 99mTc-sestamibi injection. 
The area where no uptake was seen corresponded with the infarcted tissue which was 
confirmed by triphenyl tetrazolium chloride (TTC) [45]. 

Figure 2.2 U-SPECT gated mouse cardiac perfusion images obtained in a normal C57BL/6 mouse 
(ED: end diastole, ES: end systole). 
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Cardiac and respiratory motion can always affect image resolution in SPECT and CT. In 
order to overcome this problem gating (cardiac and/or respiratory) is performed to 
synchronize the acquisition of projected data at the same time of the cardiac cycle. Gating 
also offers the chance to simultaneously map LV perfusion and assess LV function in 
clinical SPECT applications. ECG-gated micro-SPECT has been implemented in recent 
years. It has been shown that preclinical ECG-gated perfusion SPECT (in mice) permits 
quantification of LV volumes and motion as well. This is also a result of advances in image 
reconstruction software [77, 78]. The non-invasive nature of the test allows repeated studies 
in the same animal for follow-up studies [79]. 

2.3.2 Necrosis visualization 

The development of necrotic tissue-avid tracers may help early detection of myocardial 
infarction (MI) noninvasively. In vivo visualization of necrotic tissue may also provide a 
quantitative index for evaluating the antinecrotic effect of drugs in development in animal 
models of ischaemic heart disease. 

Glucarate is a small molecular weight compound, a six-carbon dicarboxylic acid 
sugar, which has affinity for histone proteins. In necrotic cells, due to lesions in the cellular 
and nuclear membranes, 99mTc-glucarate can bind to histone proteins and be retained in the 
tissue [80]. It has been shown that only minimal levels of glucarate bind to normal 
myocardial cells and viable ischaemic cells. Further studies have illustrated the possibility 
of immediate post-injection imaging with 99mTc-glucarate due to its rapid blood clearance 
[81]. Thus, by using 99mTc-glucarate as a SPECT tracer, necrotic cells can be depicted to 
provide data in acute coronary syndrome. Additionally, imaging of infarcts is possible 
within minutes of occlusion [82–84]. Moreover, it has been shown, by comparative 
investigations using TTC staining, that SPECT images of 99mTc-glucarate uptake allow 
accurate assessment of infarct size. Conversely, it has been shown that there is no glucarate 
uptake in old necrotic myocardial tissue. Although glucarate uptake in necrotic tissue 
occurs as early as 3 hours after ischaemia/reperfusion, at 10 days after necrosis there is no 
obvious tracer uptake in the heart [85]. 

Some studies have focused on other necrotic tissue-avid tracers than glucarate 
compounds. Porphyrin derivatives were initially developed as tracers for tumour cell 
tracking. Reports of the avidity of porphyrin derivatives for necrotic tissue [86–88] and 
studies on their use in visualization of infarcted tissue by MRI led to efforts to radiolabel 
hypericin. Hypericin is a natural substance with a biological activity similar to that of 
porphyrin. Both substances are known to be photosensitizers and have been used in 
antitumour therapies [89]. Ni et al. synthesized mono-[123I]iodohypericin (MIH) and 
injected it into rabbit models of MI. SPECT imaging compared to TTC staining and 
autoradiography confirmed the accumulation of [123I]MIH in the infarcted tissue [90]. In 
addition, due to the minimal levels of tracer uptake in normal myocardium, the target to 
non-target tracer concentration ratio was very high. In another study, Fonge et al. compared 
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the results of [123I]MIH micro-SPECT with the results of [13N]ammonia micro-PET in 
rabbit models of MI. There was a correlation between areas with low blood flow in 
micro-PET and [123I]MIH uptake in micro-SPECT [91]. 

2.3.3 Apoptosis visualization 

Apoptotic cell death has been the subject of many studies investigating opportunities for 
therapeutic interventions. Apoptosis is an energy-requiring highly regulated form of cell 
death which is characterized by cell shrinkage, DNA fragmentation, caspase activation, 
membrane blebbing, and phosphatidyl serine (PS) externalization. It has been demonstrated 
that reperfusion injury in the heart leads to apoptotic cell death [92–95]. The role of 
apoptotic cell death in heart failure has also been investigated in many studies [96–98]. The 
development of radiopharmaceuticals that bind to apoptotic cells has been useful for in vivo 
evaluation of therapeutic efforts in apoptotic cell death in cardiomyocytes. Annexin A5, a 
36 kDa physiological protein, has affinity for binding to the externalized PS. 99mTc-Annexin 
A5 has been used as a SPECT tracer in recent years for detecting apoptosis in the 
preclinical and clinical settings in vivo. 99mTc-Annexin A5 uptake has been confirmed by 
apoptosis-specific immunohistochemistry assays [99–105]. Nevertheless, PS exposure has 
been shown not to be specific for apoptotic cell death. In necrosis as well, due to leakage in 
the cell membrane, PS can be exposed and bound to annexin A5. Annexin A5 can visualize 
apoptotic PS externalization specifically, if used with a second marker showing an intact 
cell membrane [106]. 

More recently, a new 99mTc-bound, PS-avid agent has been developed. The C2A 
domain of synaptotagmin, which binds to PS in a calcium-dependent manner, has been 
shown to be sensitive for cell death detection [107]. False positive uptake, due to some 
extent to PS exposure in other forms of cell death, led investigations to find more specific 
tracers for apoptosis visualization. Caspase-3, altered membrane permeability, and several 
enzymes which are responsible for apoptosis, are appropriate potential targets for apoptosis 
imaging. 

2.3.4 Stem cell therapy evaluation 

The recent treatment strategy for cell-death-related heart disease, cellular cardiomyoplasty, 
needs to be evaluated in preclinical investigations. The most important objectives for the 
investigations are the optimal cell type, route of delivery, number of cells, suitable timing 
after infarction, and future monitoring of grafted cells. Imaging modalities may help stem 
cell therapy in the heart in three ways, including tracking and quantification of transplanted 
cells, assessment of function and differentiation, and monitoring of underlying tissue status, 
as well as in assessing the problems involved in the generation of suitable cell materials 
[108–110]. Zhou et al. used stem cell grafts labelled with 111In-oxyquinoline and performed 
double tracer ultrahigh resolution SPECT with 99mTc-sestamibi to evaluate the engraftment 
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2.3.6 Innovative pathophysiology investigations 

A better understanding of pathophysiology can shed light on the pathological processes in 
cardiovascular diseases, and may lead to new therapeutic interventions. Animal models, 
especially mice and rats, have been used traditionally for the investigation of molecular 
processes in cardiovascular diseases. Radionuclide imaging has significantly improved our 
understanding of several aspects of pathophysiology in small animal models. For instance 
the role of sigma receptors in cardiomyocytes has been studied in recent years. Their role in 
blocking the potassium channel and decreasing neuroexcitability in intracardiac neurons 
has been reported by Zhang and Cuevas [117]. Sigma receptors are a largely unexplored 
area of cardiology, and should be studied. Recent efforts towards radionuclide imaging of 
sigma receptors in various organs can be expanded in cardiology to better distinguish sigma 
receptor function in cardiovascular systems [118]. 

In another investigation, 99mTc-losartan was used for non-invasive imaging of 
angiotensin receptors in mouse heart muscle cells after permanent ligation of the left 
anterior descending artery [119]. Increased tracer uptake in post-MI hearts and its 
correlation with remodelling showed the role of the renin-angiotensin axis in progression of 
heart failure after MI. In addition, this study demonstrated the potential role of non-invasive 
imaging strategies in identification of patients likely to develop heart failure. 

2.4 Cardiac innervation imaging 

The autonomic nervous system plays an important role in cardiovascular diseases. 
Disturbances in function and integrity, as well as enhanced sympathetic activity may lead to 
numerous heart pathologies. Therefore, evaluation of the sympathetic innervation of the 
heart could provide important data on the aetiology and progress of heart diseases. It might 
also provide a tool for non-invasive assessment of novel therapeutic approaches targeting 
sympathetic nervous system activity, and also assessment of the side effects of drugs on 
cardiac adrenergic function. 123I-labelled metaiodobenzylguanidine (123I-MIBG), an 
analogue of the false neurotransmitter guanethidine, has been used clinically for 
sympathetic neuronal activity and integrity since the 1980s. Presynaptic sympathetic nerve 
terminals can take up and store MIBG in the same way as norepinephrine. Thus, MIBG 
uptake and washout rate can be influenced by sympathetic tone and the integrity of nerve 
terminals. Studies using 123I-MIBG in animal models of coronary artery occlusion have 
revealed more extended nerve damage than myocardial injury in MI [120]. Also, some 
investigations have focused on the role of denervation in diabetic heart disease and 
cardiomyopathy [121]. 123I-MIBG uptake defects have also been shown to be related to 
arrhythmogenesis in the heart after CAD, cardiomyopathy and other cardiac pathologies 
[122]. Due to more favourable properties of 99mTc-bound radiopharmaceuticals compared 
with 123I-based tracers, Samnick et al. labelled 1-(4-fluorobenzyl)-4-(2-mercapto-2-methyl- 
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2.5.2.4 Inflammation 

The inflammatory nature of atherosclerosis, due to infiltration of the plaque with 
macrophages/monocytes and T lymphocytes, provides a target for cell content imaging of 
atherosclerotic plaques. Interleukin-2 (IL-2), labelled with 99mTc, was used by Annovazzi et 
al. to demonstrate T-cell infiltration in human carotid artery atherosclerotic plaques [135]. 
This study showed the accumulation of tracer in vulnerable plaques and also demonstrated 
the consequent influence of lipid-lowering on uptake. Circulating monocyte recruitment in 
the plaque site and lipid phagocytosis by phagocytes have also been studied as approaches 
to inflammation visualization in atherosclerotic plaques. Although most investigations in 
this field have been done using micro-PET, the known advantages of SPECT systems and 
SPECT specific tracer labelling should stimulate more studies on plaque inflammation by 
micro-SPECT.  

2.5.2.5 Proteolysis 

Activation of MMP in the atherosclerotic plaque may lead to further instability and rupture. 
Schafer et al. studied the feasibility of using a 123I-labelled MMP inhibitor in a known 
model of arterial remodelling and lesion development [136]. They showed that SPECT 
imaging using [123I]I-HO-CGS 27023A can be an appropriate method for measurement of 
MMP activity within the plaque. In another study, a 99mTc-labelled broad MMP inhibitor 

Fusion 

CT 

SPECT 

In vivo                          Ex vivo 
0 h (Blood pool image)                        4 h    

Transverse    Sagittal    Frontal      Transverse     Sagittal      Frontal     Bifurcation 

Figure 2.3 Uptake of RP805 (a broad-spectrum MMP ligand) demonstrating MMP expression in 
an atherosclerotic rabbit on an uninterrupted diet. The three columns display transverse, 
sagittal, and frontal projections, and the three rows display micro-CT, micro-SPECT, and fusion 
images. The left set of three columns displays images immediately (0 h) after radiotracer 
administration (representing blood pool images), and the right set of three columns displays 
images obtained at 4 h (representing tracer uptake in target tissue). The images were adapted 
from [137]. 
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