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Abstract Neuroendocrine tumours (NETS) are a hetero-
geneous group of neoplasms with very varying clinical
expressions. Nuclear medicine plays an important role in
the imaging and treatment of these tumours. Despite the
advent of several PET radiopharmaceuticals, SPECT
imaging with the labelled somatostatin receptor analogue
In-111 pentetreotide or with radioiodinated MIBG is still a
very useful technique for evaluating patients with NETs.
The aim of this review is to summarise the applications, in
the study of NETs, of hybrid SPECT/CT imaging per-
formed using these gamma-emitting radiopharmaceuticals.
The combined use of SPECT and CT in hybrid devices is
of value when applied to scintigraphic procedures in NETs:
the addition of anatomical maps provides a precise local-
isation of SPECT findings and allows the exclusion of
disease in sites of physiological tracer uptake. These
advantages translate into better sensitivity and specificity,
both of which are essential for the diagnosis and accurate
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staging of NETs. SPECT/CT hybrid images are able to
provide additional information that improves the diagnostic
accuracy and confidence of SPECT interpretation and leads
to changes in therapeutic options in about 25 % of patients.
Therefore, SPECT/CT should be routinely performed and
considered standard practice in the diagnostic work-up and
treatment planning of patients with NETs submitted to In-
111 pentetreotide or radioiodinated MIBG imaging. This
approach can still be used as an alternative to PET/CT
options when the latter are not available.
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Introduction

Neuroendocrine tumours (NETSs) are rare neoplasms that
are derived from neuroendocrine cells interspersed
throughout the body [1]. About 70 % of these tumours
derive from the gastroenteropancreatic system and their
incidence appears to be rising; in fact, an analysis of the
Surveillance, Epidemiology and End Results database
indicates an increase in the reported annual age-adjusted
incidence of NETs from 1.09/100,000 in 1973 to 5.25/
100,000 in 2004 [2]. This may be in part due to improve-
ments in imaging and biochemical methods of detection.
NETs are well known for producing various hormonal
syndromes and for their indolent clinical course in most
patients, although some of these tumours do not produce
hormones of clinical significance [3]. Patients may have
symptoms for many years before the diagnosis is suspected
and confirmed; symptoms can be caused by hormonal
excess, local tumour growth, or metastatic spread [4]. A
well-known characteristic of NET cells is the expression of
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several receptors in high quantities [5]. Apart from location,
NETs are also graded according to proliferation activity,
often evaluated by the Ki-67 labelling index, which can a
have strong impact on prognosis and therapy [6].

Conventional imaging of NETs is often difficult, because
of the small lesion size, variable anatomical location, and
low metabolic rate; computed tomography (CT), ultrasound,
and magnetic resonance imaging (MRI) are often unable to
characterise and sometimes unable to visualise them [5].
Therefore, functional imaging plays an important role in
evaluating patients with NETs: nuclear medicine radio-
pharmaceuticals emitting single photons and positrons allow
accurate molecular imaging of NETs, complementary to
anatomical-morphological techniques such as CT and MRI
[7, 8]. In particular, expression of somatostatin receptors by
NETs has been exploited for both diagnostic and therapeutic
purposes [8, 9]. Because most NETs overexpress somato-
statin receptors, they can be successfully visualised in vivo
by somatostatin receptor imaging, which has improved their
detection [10]. Scintigraphic exams with radiolabelled
somatostatin analogues (somatostatin receptor scintigraphy,
SRS) and metaiodobenzylguanidine (MIBG) give important
information on the receptor expression, functional status,
metabolism, and tissue viability of these neoplasms [10, 11].
Therefore, NET imaging clearly requires a multimodality
approach with combined use of both anatomical and func-
tional examinations. This is best achieved using hybrid
imaging devices [12, 13].

Several clinical studies have clearly demonstrated that
In-111 pentetreotide, which is the most widely used
somatostatin receptor SPECT radiopharmaceutical, is
effective in the diagnosis and staging of somatostatin
receptor-positive tumours, especially gastroenteropancre-
atic (GEP) neuroendocrine ones [14—18]. The acquisition
of SPECT imaging, when compared with planar scans, has
proved very useful, especially in the case of tumours that
are small, located in the abdomen and not visualised on
planar scans, as an over-projection by other tissues and/or
organs (liver, spleen, kidneys, and intestines) which show
some variable individual accumulation of the radiophar-
maceutical [19, 20]. However, in the interpretation of
SPECT studies, it can be difficult to localise the precise
anatomical sites of accumulation of the radiotracers.
Moreover, although SPECT is able to improve the possi-
bility of localising a focus of abnormal accumulation in
cross-sections, normal activity-containing structures may
be more difficult to identify. By combining the anatomical
localising capability of CT with SPECT data, through
image fusion with hybrid imaging systems, disease sites
can be identified more accurately [21].

MIBG radiolabelled with 1-123 or I-131 plays its major
role in patients with pheochromocytomas, neuroblastomas,
and paragangliomas [11]. In 1997, Perault et al. [22]
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described a simple non-invasive retrospective technique for
registering and superimposing CT and SPECT images in
the thoracoabdominal region in patients with endocrine
tumours, without the use of external markers. This series
included three cases of carcinoid tumours evaluated with
In-111 pentetreotide or I-131 MIBG. Their preliminary
findings suggested that SPECT/CT image fusion might be
of value in improving the accuracy of SPECT alone in
detecting and localising tumour recurrence or metastasis,
thus affecting the management of patients with endocrine
carcinomas. Subsequently, the use of fusion of I-131 MIBG
SPECT images with MRI to accurately identify metastatic
lesions in a patient with a malignant pheochromocytoma
was reported [23]. Hybrid SPECT/CT may be of value in
providing a better localisation of tumour sites, especially in
the vicinity of normal organs with high MIBG uptake (i.e.
liver and myocardium), and in characterising areas of
normal MIBG biodistribution or excretion, thus alleviating
the need for delayed images [24]. Moreover, SPECT/CT
may also improve the quantification of radiation burden in
patients receiving I-131 MIBG therapy [25].

The aim of this review, based on a comprehensive
PubMed/MEDLINE search for studies from 2001 up to
June 2014, is to illustrate, with reference to patients with
NETs, the development of hybrid SPECT/CT using In-111
pentetreotide and/or MIBG, and its applications in diag-
nostic imaging.

In-111 pentetreotide SPECT/CT

The clinical value of the new technology of combined
emission and transmission tomography using a SPECT/CT
hybrid device was first assessed by Even-Sapir et al. [26] in
13 patients with NETS, using In-111 pentetreotide (n = 10)
or I-123 MIBG (n = 3). Hybrid imaging findings were
compared with the results of surgery and with clinical and
radiological follow-up. Fused images were useful for
SPECT interpretation in six patients (i.e. accurate locali-
sation of lesions, detection of bone involvement, localisa-
tion of physiological uptake), and provided information of
clinical value in four, assisting with better planning of
surgery in two patients and changing the treatment
approach in the other two.

The same group then retrospectively studied 72 patients
with NETs to evaluate the impact of sequentially per-
formed SPECT/CT fusion on SRS study interpretation and
clinical management of these tumours [27]. Additional data
for image interpretation provided by fused images as
compared to SPECT alone were recorded. SPECT/CT data
were verified with surgical findings when available, and
with clinical and radiological follow-up. SRS studies were
negative in 28 patients and positive in 44 cases; SPECT/CT
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provided no additional information in 49 patients, includ-
ing all 28 negative studies. In 52 % of the patients with
abnormal scintigraphic findings, SPECT/CT improved the
accuracy of the SRS studies by providing better localisa-
tion of SPECT-detected lesions; in particular, in 17 patients
it precisely defined the organ involved and the relationship
of lesions to adjacent structures, in three cases it showed
unsuspected bone involvement, and in three patients it
differentiated physiological from tumour uptake. It is worth
noting that these outcomes affected the clinical manage-
ment in 10 patients: they altered the surgical approach in
six patients, spared two patients unnecessary surgery, and
modified the therapeutic modality in two patients.

Fifty-four patients with known or suspected NETs were
prospectively studied by Pfannenberg et al. [28] with In-
111 pentetreotide (n = 43) or I-123 MIBG (n = 13) using
SPECT/CT and contrast-enhanced CT. The standard of
reference was either histopathology or clinical and imaging
follow-up data. In 56 of the 114 evaluated lesions (49 %),
the results of SPECT and CT were concordant: all lesions
were interpreted as malignant. However, in 58 of the 114
lesions (51 %), consensus reading of fused images changed
the initial image classification. Thirty-one lesions, origi-
nally interpreted as equivocal (n = 10) or benign (n = 21),
were re-classified as malignant, and 27 lesions originally
interpreted as equivocal (n = 19) or malignant (n = 8)
were re-classified as benign. Improved lesion classification
was due mainly to correct identification of small hepatic
lesions or normal-sized lymph nodes on CT, or detection of
tumour foci in the event of missing or increased physio-
logical radiopharmaceutical uptake on scintigraphy. This
higher accuracy of SPECT/CT in classifying NET lesions
and the results of image fusion caused a change in treat-
ment approach in a substantial proportion (28 %) of
patients. In fact, in five patients tumour could be excluded,
and in four the surgical approach was changed owing to
precise tumour localisation and minimisation of the surgi-
cal field; three patients were spared unnecessary surgery
because of additional lesions indicating systemic disease
spread, and in two patients, medical and peptide receptor
radionuclide therapy was changed.

Our preliminary findings in 19 patients with GEP
tumours had indicated that SPECT/CT was able to improve
image interpretation and accuracy in a significant per-
centage of cases (47 %), thus enhancing the role of In-111
pentetreotide SPECT in this clinical setting [24]. The
standard of reference was either histopathology or clinical
and imaging follow-up data. In Queryparticular, in our
prospective study, anatomical-functional images revealed
unsuspected bone metastases in two patients (Fig. 1),
providing a correct localisation of SPECT findings in six
cases (Fig. 2) and disease exclusion in sites of physiolog-
ical radiopharmaceutical uptake in one patient (Fig. 3).

Fig. 1 Planar posterior image (a) from In-111 pentetreotide SRS in a
patient with previously resected intestinal carcinoid shows uptake in the
left hypogastric-iliac region (arrow). Corresponding transaxial SPECT
(b) is not able to precisely localise this uptake (arrow), which SPECT/
CT (c) clearly demonstrates in the left iliac wing (arrow), thus
indicating a previously unknown bone metastasis (colour figure online)

SPECT/CT findings caused changes in the therapeutic
management of six patients.

The contribution of hybrid SPET/CT imaging to SRS
studies and its clinical impact were assessed by Moreira
et al. [29] in a group of 12 patients with proven or clinical
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Fig. 2 Planar images (a) from In-111 pentetreotide SRS in a patient lobe of the liver (see triangulation indicating the hot spot in the
with diffuse hepatic involvement from an unknown primary NET. different slices), which transaxial fusion SPECT/CT (c) localises in
SPECT imaging (b) demonstrates a focus of uptake near the left upper the gastric fornix (arrow) (colour figure online)

suspicion of NETs, seven being investigated for staging/  comparison with pathological findings, when available, or
follow-up, and five for primary tumour localisation and  through clinical and radiological follow-up. Six patients
staging. SPET/CT data were confirmed through  had a negative SRS study and six had positive findings.
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Fig. 3 Planar images (a) from In-111 pentetreotide SRS in a patient
with previously resected duodenal gastrinoma demonstrate three foci
of abdominal uptake (/, 2, and 3). Corresponding fused SPECT/CT

SPET/CT improved image interpretation in all six SRS-
positive patients, contributing to a better anatomical
localisation, and also identified unsuspected bone extension
in two patients during follow-up. Moreover, SPET/CT
findings affected patient management in three cases. On the
basis of these results, the authors concluded that hybrid
imaging is an accurate and simple method of registration of
functional and anatomical data which enhances the role of
SRS in evaluating NETs. SPECT/CT can guide invasive
diagnostic and therapeutic procedures and help in moni-
toring outcomes.

The value of image fusion using SPECT with integrated
low-dose CT in comparison with a retrospective voxel-
based method of fusion of SPECT and high-resolution CT
was evaluated in a series of 27 patients with histologically
proven metastatic NETs [30]. The generation of fused
images was less time consuming in hybrid SPECT/CT
(<1 min) than in the retrospective image fusion method
(~25 min). Moreover, due to misregistrations in the ret-
rospective fusion of abdominal SPECT, two cases were not

fAnatonic Physiologic

4

Transaxial Transaxial Transaxial

Anatonic Physiologic Fusion

Transaxial Transaxial Transaxial

Anatonic Physiologic Fusion

Transaxial Transaxial Transaxial

images (b) precisely localise (see triangulation) physiological uptakes
within post-surgical abdominal hernias (/ and 2) and pathological
uptake at a local recurrence (3) (colour figure online)

included in the further analysis. The standard of reference
was surgery, biopsy, or imaging during clinical follow-up.
For the anatomical assignment of the sites of tracer uptake,
SPECT/CT and retrospective fusion revealed overall
accuracies of 91 and 94 %, respectively. In particular, both
image fusion methods were equally well suited for the
localisation of SRS foci in parenchymal organs, whereas
for the identification of intra-abdominal lymph node
metastases, retrospective fusion proved superior, due to the
better spatial resolution of diagnostic CT. Nevertheless, the
anatomical localisation of SPECT findings using hybrid
SPECT/CT was found to be clinically satisfactory,
requiring only a small fraction of the time and logistic
efforts necessary for the retrospective method.

The clinical impact of SPECT/CT hybrid imaging on
SRS studies was retrospectively assessed in 29 patients
with known or suspected NETs, to evaluate the extent of
disease and thus obtain guidance for the patients’ future
management [31]. Fifteen out of 29 SPECT-alone studies
showed abnormalities. The location of at least one lesion
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was changed or a new location was established as a result
of the additional anatomical information from SPECT/CT
in 11 of the 15 positive cases (73 %). In particular, fused
images changed the reported anatomical sites of lesions
in four of the 11 cases and established previously
unknown locations in seven of the 11. Thereafter, con-
firmation of lesion location was obtained by other
investigations during follow-up in seven of these 11 cases
(64 %). SPECT/CT affected management in 64 % of the
patients in whom additional anatomical information
caused a change in the reported location of lesions. The
results of this study indicate that a hybrid SPECT/CT
system can improve diagnosis and staging of patients
with NETs evaluated by SRS with In-111 pentetreotide,
thus making it possible to choose more accurately the
best therapeutic options.

In a series of 54 patients with known or suspected NETs,
the improvement provided by SPECT/CT in the interpre-
tation of SRS SPECT alone and any modification in patient
management was retrospectively evaluated [32]. SPECT
was negative in nine, positive in 43, and of uncertain sig-
nificance in two patients, respectively. In 29 out of 54
patients (54 %), including eight negative and 21 positive
ones, SPECT/CT did not add any significant information to
SPECT alone; the two uncertain cases were classified as
positive and negative. SPECT/CT images gave additional
information in 25 patients (46 %), and improved SPECT
interpretation in 23 cases (42 %), providing better ana-
tomical localisation of increased radiopharmaceutical
uptake in 20 cases (37 %) and disease exclusion in sites of
physiological uptake in five (9 %). In most cases, the
accurate localisation of sites of increased uptake regarded
lymph nodes. Moreover, in 10 patients, SPECT/CT
allowed definition of the functional significance of CT-
detected lesions. The gold standard for the presence of
malignancy was either histopathology or clinical or radio-
logical follow-up over at least 6 months. The outcomes of
SPECT/CT in this group of patients caused changes in the
clinical management in 14 cases, modifying the diagnostic
approach in eight and the therapeutic modality in six,
respectively.

The more accurate detection and localisation of NETs
obtainable with the use of a hybrid SPECT/CT system were
subsequently confirmed in a prospective study including 81
patients: in the assessment of these patients, the area under
the curve generated by the ROC analysis gave a signifi-
cantly higher value for SPECT/CT than for SPECT alone
[33]. Furthermore, SPECT/CT was able to reduce the
number of equivocal cases (i.e. two out of 81 vs 10) and
correctly re-classified as probably negative three patients
who had been evaluated as positive by SPECT alone.
Therefore, SPECT/CT allowed correct classification of a
higher number of cases (75 vs 64). Overall, 176 foci of
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abnormal In-111 pentetreotide uptake were detected by
SPECT/CT (172 also by SPECT alone): of these lesions,
seven were excluded by subsequent analysis due to a lack
of acceptable validation. Thus, the final classification
included 138 lesions due to NETs and 31 physiological or
benign sites of radiopharmaceutical uptake. The patho-
logical areas were localised in the liver (n = 40), lymph
nodes (n = 33), bone (n = 30), lungs (n = 17), pancreas
(n=29), gut (n =4), thymus (n = 3), and soft tissue
(n = 2). SPECT/CT modified the classification of 25 out of
169 lesions (14.8 %): therefore, the global number of
correctly classified lesions was 163 out of 169 (96.4 %),
with two false-positive results and four equivocal findings.
It is worth noting that the fused images dramatically
decreased the number of indeterminate results: 4 vs 21. The
number of correctly classified lesions was found to be
significantly higher for SPECT/CT, especially in the
abdominal area. Finally, taking into account the anatomical
localisations of the lesions, SPECT allowed a correct
diagnosis in only 77 cases (45.6 %), whereas the fused
images allowed correct diagnosis in 160 (94.7 %), espe-
cially with regard to the lymph nodes, bone, and pancreas.
The standard of reference was either histopathology or
clinical/imaging follow-up data.

The incremental value of In-111 pentetreotide SPECT/
CT imaging was retrospectively assessed in 49 patients
with potential NETs [34]. A total of 89 foci of tracer uptake
were detected, involving the head and neck (n = 8), chest
(n = 11), liver (n = 14), extrahepatic abdomen (n = 43),
and bone (n = 13), and they were classified according to
their location and nature (physiological, benign, or neo-
plastic). Planar and SPECT images were reviewed by two
blinded readers, followed by interpretation using additional
SPECT/CT images in a subsequent session, with a third
reader providing consensus in cases of disagreement. In no
case did planar and SPECT images give a more accurate
location than SPECT/CT ones. A consensus read indicated
that SPECT/CT provided superior lesion localisation in 55
out of 89 cases (61.8 %), defined as a more precise inter-
pretation of the anatomical site of radiopharmaceutical
uptake. In particular, in 31 out of these 55 lesions (56 %),
the improved localisation consisted of uptake in a different
organ or an unexpected finding when compared with the
results of planar and SPECT-alone images. Moreover,
SPECT/CT imaging improved characterisation in 25 of 89
lesions (28.1 %) and changed their classification. This
improved characterisation included the detection of addi-
tional sites of disease or inflammation considered signifi-
cant (n = 12), or the demonstration that that lesions
initially thought to represent disease were physiological
(n = 7). These results led to an incremental diagnostic
value of SPECT/CT imaging in 20 out of 49 patients
(41 %) for reader 1 and 14 out of 49 patients (29 %) for
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reader 2, which was considered likely to affect patient
management, in 12 out of 20 (60 %) and 7 out of 14 (50 %)
patients, respectively. Validation of scan interpretation was
obtained by histology, CT, MRI or clinical follow-up.

In 24 consecutive patients with suspected or confirmed
NETs submitted to In-111 pentetreotide imaging, it was
recently evaluated whether SPECT/CT can replace tradi-
tional dual time-point planar and SPECT SRS [35]. Planar
whole-body images were acquired at 24 and 48 h post-
injection, supplemented with abdominal SPECT/CT
imaging at 24 h; chest SPECT/CT was also performed in
eight patients at 24 h. Two blinded readers independently
evaluated each study. Interpretations were compared with
surgical pathology, or clinical and radiological follow-up
for at least 12 months. Inter-observer agreement was
excellent (k = 0.86) for single time-point imaging, and
good (k = 0.56) for dual time-point imaging on a per-
lesion basis. In-111 pentetreotide imaging using a single
24-h post-injection time-point with planar and SPECT/CT
imaging showed comparable sensitivity (92 %) to planar
(24 and 48 h) and SPECT (24 h) dual time-point imaging
(83 %), maintaining excellent specificity (100 %). These
results indicate that SPECT/CT improves reader confi-
dence in confirming normal biodistribution of In-111
pentetreotide, and distinguishing between abdominal
tumour and physiological activity. Routine use of SPECT/
CT in addition to planar imaging at 24 h allows single
time-point imaging, making SRS more comfortable for the
patient, and restricting the acquisition of delayed images to
selected cases.

SPECT/CT allows not only image fusion but also
attenuation correction (AC) of SPECT data. The impact of
AC on SRS SPECT data in patients examined by hybrid
SPECT/CT has been evaluated in two studies. In the first
one, 17 patients with NETs were considered: the intensity
and contrast of 46 foci classified as pathological were rated
in both the non-attenuation corrected (NAC) and the AC
SPECT images [36]. Focus contrast and intensity signifi-
cantly increased in 14 out of 46 foci (30 %) after AC in the
visual analysis, with increasing focus depth. These findings
indicate that AC SRS SPECT imaging performed by means
of a hybrid SPECT/CT system causes more clearly con-
trasted foci in visual analysis, especially in the more cen-
trally localised sites of tracer uptake. Therefore, CT-based
AC has the potential to improve the sensitivity of SRS
SPECT, but this aspect could not be assessed by this study
because the great majority of the foci examined already
showed high intensity in the NAC SPECT images.

The impact of AC by low-dose CT with a hybrid
SPECT/CT device on SRS sensitivity was specifically
addressed by Steffen et al. [37] in a retrospective analysis
of 50 consecutive patients with NETs. All the sites of
uptake on both the NAC and AC SPECT images were

scored for intensity and contrast using a six-point scale.
Final verification of lesions was based on CT/MRI data
and/or clinical follow-up. Of 227 foci, 222 (98 %) were
visible in both the NAC and the AC SPECT images,
whereas five foci (liver, n = 2; bone, n = 2; lymph node,
n = 1) in three patients were detected only in the AC
SPECT images. These results led to a 2 % increase in
sensitivity but without any change in the therapeutic
decisions. Moreover, in 67 out of 227 foci (29 %), focus
intensity/contrast increased after AC, with only five lesions
showing a decrease, suggesting that AC of SRS SPECT
significantly improves focus visualisation, but only slightly
increases sensitivity.

The impact of SPECT/CT on inter-rater agreement in
the interpretation of SRS findings has been retrospectively
studied in a series of 25 unselected patients with suspected
or histologically proven NETs [38]. SRS was indepen-
dently interpreted by two nuclear medicine physicians: an
experienced one and an inexperienced one. Both readers
first re-evaluated the planar whole-body images alone, then
added the SPECT images, and finally the CT images.
Lesions with increased radiopharmaceutical uptake were
classified as equivocal, probably pathological, and defi-
nitely pathological. Globally, 50 lesions were found in 23
patients. The two readers showed only moderate agreement
in the interpretation of the planar findings, with an
improvement obtained by adding SPECT and very good
agreement by adding SPECT/CT. Evaluation of hybrid
images led to up-staging of 18 % of the lesions and down-
staging of 12 % compared to planar plus SPECT (experi-
enced reader), and reduced the frequency of indefinite
scores (equivocal, probably pathological) from 18 % in
planar plus SPECT to 6 %. In particular, the change in
lesion localisation with SPECT/CT tended to contribute to
modifying the lesion classification. These outcomes indi-
cate that low-dose SPECT/CT stabilises report quality in
SRS, improving image interpretation by increasing inter-
rater agreement in patients with NETs. Therefore, hybrid
images help in the interpretation of SRS, reducing the gap
in performance between inexperienced and experienced
physicians.

The impact on patient management is a fundamental
index when assessing the clinical value of any imaging
method. In this regard, the above-mentioned SPECT/CT
results are summarised in Table 1. Globally, hybrid imaging
changed the management in 25 % of NET patients (i.e. 71
out of 285) evaluated with In-111 pentetreotide imaging.

Radioidinated MIBG SPECT/CT

Apart from the previously cited papers that included
patients evaluated also with MIBG [26, 28], the value of
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SPECT/CT in I-123 MIBG imaging was first investigated
as a means of avoiding false-positive planar scintigraphy
interpretations in 31 patients with suspected pheochromo-
cytoma who had focal radiopharmaceutical uptake detected
on planar scans [39]. Planar and SPECT images were ini-
tially evaluated by two nuclear medicine physicians and
then compared with SPECT/CT findings with the help of a
radiologist. In 25 cases (81 %) the focal uptake visible on
planar images was clarified by hybrid imaging as physio-
logical activity (Fig. 4); in the remaining six patients,
SPECT/CT helped in identifying the pathological sites of
uptake. Validation of scan interpretation was obtained by
histology, CT, MRI or clinical follow-up.

Table 1 Main studies reporting the clinical impact of SPECT/CT
with In-111 pentetreotide in NETs

Authors No. of Change of
patients management (%)

Krausz et al. [27] 72 10/72 (14)
Pfannenberg et al. [28] 54 15/54 (28)
Schillaci [24] 19 6/19 (32)
Moreira et al. [29] 12 3/12 (25)
Hillel et al. [31] 29 7/29 (24)
Castaldi et al. [32] 50 14/50 (28)
Wong et al. [34] 49 16%/49 (33)

* At least one major change for one reader

b Anatonic

Fig. 4 1-123 MIBG scintigraphy in a patient with clinical suspicion
of pheochromocytoma. Planar images (a) show an area of increased
focal uptake in the right upper abdomen (arrow in the posterior scan),
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The usefulness of MIBG SPECT/CT for the diagnosis of
pheochromocytoma was analysed in a retrospective study
including 22 patients (four evaluated with I-131 MIBG and
18 with 1-123 MIBG) [40]. In 14 cases, MIBG SPECT/CT
was positive and correlated with CT or MRI: six adrenal,
four extra-adrenal, three metastatic disease, and one
recurrent lesion. Of these patients, 10 had pheochromocy-
toma confirmed by histology after surgical resection, three
were known to have metastatic pheochromocytoma, and
one was managed conservatively with close clinical fol-
low-up. Diagnostic confidence and precision of anatomical
localisation of pheochromocytoma were improved by
SPECT/CT in six cases and the original radiological
diagnosis was revised in three patients. It is worth noting
that four patients with a pheochromocytoma-associated
germline mutation had multifocal disease excluded by
SPECT/CT, whereas patients who had positive biochem-
istry and a solitary lesion on conventional imaging without
a germline mutation obtained no diagnostic improvement
by hybrid imaging. In eight cases MIBG SPECT/CT was
negative: in these cases the diagnostic confidence for
exclusion of a pheochromocytoma was improved in five
(including one patient with a germline mutation), and the
original radiological diagnosis was changed in three,
including one false-positive planar MIBG result. The gold
standard for the diagnosis of a pheochromocytoma was
histology; a negative finding was confirmed by repeated
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which SPECT/CT (b) is able to clearly localise (see triangulation)
within the right kidney (i.e. physiological renal excretion) (colour
figure online)
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normal biochemistry. The results of this study indicate that
MIBG SPECT/CT is able to improve the overall assess-
ment of pheochromocytoma by increasing diagnostic con-
fidence; clinically, hybrid imaging was shown to be
particularly useful in patients at high risk of pheochromo-
cytoma (with a pheochromocytoma-associated germline
mutation or previous history of pheochromocytoma or
paraganglioma), for the confirmation of small extra-adrenal
pheochromocytomas, small metastatic lesions or recur-
rence at previous surgical sites.

In a retrospective institutional study of the use of
I-131MIBG SPECT/CT in NETs, 28 patients showed
equivocal findings on planar imaging [41]. The contribu-
tion of hybrid SPECT/CT imaging in these studies was
analysed, and in 27 out of 28 cases, it provided vital
additional information. In particular, SPECT/CT was use-
ful in distinguishing physiological liver and bowel activi-
ties from tumour uptake, and helped in localising primary
as well as metastatic NETs.

The incremental value of I-131 MIBG SPECT/CT over
planar images and SPECT alone and its usefulness in
overcoming the limitations associated with poor imaging
properties of I-131 MIBG were recently retrospectively
assessed in 63 patients with clinical or biochemical suspi-
cion of pheochromocytoma [42]. The final diagnosis (based
on postoperative histopathological findings or clinical/
imaging follow-up) showed that 30 out of 126 adrenals in
28 patients had pheochromocytoma: 26 patients had uni-
lateral and two had bilateral lesions. The scintigraphic
images, of all kinds, were independently evaluated by two
nuclear medicine physicians with different experience
(reader number 1: 6 years: reader number 2: 2 years).
According to reader number 1, on planar scans, 19 adrenals
were true positive, 96 were true negative, none was false
positive, and 11 were false negative; according to reader
number 2, 12 were true positive, 94 were true negative, two
were false positive, and 18 were false negative. On SPECT
imaging, for reader number 1, 26 adrenals were true
positive, 93 were true negative, three were false positive,
and four were false negative; for reader number 2, 26
adrenals were true positive, 83 were true negative, 13 were
false positive, and four were false negative. On hybrid
SPECT/CT images, for reader number 1, 27 adrenals were
true positive, 96 were true negative, none was false posi-
tive, and three were false negative; for reader number 2, 27
adrenals were true positive, 96 were true negative, none
was false positive, and three were false negative. The
results of receiver operating characteristic curve analysis
with the areas under the curves indicated that, for both
readers, the diagnostic accuracy of planar images was
significantly lower than that of SPECT and SPECT/CT,
and the accuracy of SPECT was significantly lower than
that of SPECT/CT. The findings of this study suggest that

I-131MIBG SPECT/CT is more accurate than planar
scintigraphy and SPECT alone in characterising adrenal
lesions in patients with clinical or biochemical suspicion of
pheochromocytoma; moreover, hybrid imaging is able to
improve observer confidence and inter-observer agreement.

Franzius et al. compared 1-123 MIBG SPECT/CT to the
C-11 labelled radiopharmaceutical metahydroxyephedrine
(HED), a noradrenaline analogue specifically developed for
PET imaging of the sympathetic nervous system, whose
uptake reflects catecholamine transport, storage, as well as
catecholamine recycling [43]. Twenty-four pairs of exam-
inations were performed in 19 patients with known or
suspected tumours of the sympathetic nervous system. The
intensity of radiopharmaceutical uptake above background
was visually analysed on both PET and SPECT images
using a four-point scale. In five patients clinical follow-up
and/or histological examination did not reveal any tumour
deriving from the sympathetic nervous system; in the
remaining 14 patients: six neuroblastomas, five pheochro-
mocytomas, two paragangliomas, and one ganglioneuro-
blastoma were histologically confirmed. There were no
false-positive results either with MIBG or HED. PET/CT
detected 80 out of 81 tumour lesions (soft tissue 61; bone,
19), whereas SPECT/CT visualised 75 out of 81 lesions
(soft tissue 56; bone, 19). The tumour-to-background
contrast of C-11 HED accumulation was higher compared
with 1-123 MIBG uptake in 26 lesions, equal in 39, and
lower in 16.

Subsequently, a retrospective study was performed to
assess and compare F-18 L-dihydroxyphenylalanine
(DOPA) PET/CT and 1-123 MIBG SPECT/CT in the re-
staging of 12 patients with known or suspected recurrent
tumour after initial surgery for pheochromocytoma or
extra-adrenal paraganglioma; cytohistology and a combi-
nation of laboratory and imaging studies and follow-up
were used as reference standard [44]. F-18 DOPA is a
radiopharmaceutical useful for PET imaging of a wide
range of tumours, including NETs and catecholamine-
secreting tumours [3, 45]. In this series, even though the
difference was not statistically significant on per-patient
analysis, F-18 DOPA provided better results than [-123
MIBG SPECT/CT: PET/CT was positive in all patients,
whereas SPECT/CT had three false-negative results. These
findings indicate a superiority of F-18 DOPA PET/CT over
1-123 MIBG SPECT/CT in evaluating disease extension in
patients with recurrent paraganglioma; nevertheless, in
patients with inoperable disease, only MIBG imaging
allows the selection of patients suitable for 1-131 MIBG
therapy.

The contribution of I-123 MIBG SPECT/CT to contrast-
enhanced CT image analysis in the follow-up of patients
with neuroblastoma and pheochromocytoma and its impact
on patient management were retrospectively assessed in a

@ Springer



486

Clin Transl Imaging (2014) 2:477-489

group of 11 cases, eight children with neuroblastoma, and
three adults with pheochromocytoma [46]. Clinical follow-
up was taken as the gold standard. Overall, of 15 imaging
studies, SPECT/CT provided additional information in
eight out of 15 cases (53 %) and in particular in eight out of
nine discordant studies (89 %) between SPECT/CT and
diagnostic CT. The findings of this study indicated that in
cases of equivocal diagnostic CT (mainly distorted anat-
omy) or of suboptimal localisation of the foci of MIBG
uptake, SPECT/CT is very useful clinically to define the
anatomical location of these foci and to characterise the
significance (benign or malignant) of uncertain CT find-
ings. It is worth noting that the low-resolution CT images
of SPECT/CT could be valuably incremented by the
superior diagnostic contrast-enhanced CT.

Fukuoka et al. [47] retrospectively evaluated 16 patients
with malignant pheochromocytoma/paraganglioma and
neuroblastoma, who were referred for I-131 MIBG therapy,
with the aims of comparing lesion detectability of I-123
MIBG scintigraphy with that of high-dose post-therapy
I-131 MIBG and of assessing the incremental benefit of
SPECT/CT over planar scans for the detection and locali-
sation of the lesions. Thirty-one studies with 1-123 MIBG
were acquired in 16 patients and 17 studies of high-dose
I-131 MIBG were performed in 12 patients: planar and
SPECT/CT images were compared for lesion detectability
and localisation. Moreover, the lesion detectability in 10
pairs of I-123 and high-dose I-131 MIBG studies of the
same patient, acquired within 2 weeks, were evaluated. In
1-123 MIBG imaging, a total of 145 and 155 sites of
pathological uptake were detected by planar and hybrid
imaging, respectively; in post-therapy I-131 MIBG scin-
tigraphy, a total of 136 and 140 abnormal foci were
detected by planar and SPECT/CT imaging, respectively.
Hybrid imaging provided additional diagnostic information
over planar scans in 25 studies (81 %) of 12 patients
(75 %) with I-123 MIBG and in nine studies (53 %) of nine
patients (75 %) with high-dose 1-131 MIBG. It is worth
noting that most of the lesions detected only on SPECT/CT
were located near the physiological uptake or overlapped
with the physiological uptake. In the 10 pairs of I-123 and
high-dose I-131 MIBG studies in the same patients, the
number of lesions visualised by I-123 MIBG planar scans
and SPECT/CT and post-therapy planar I-131 MIBG and
SPECT/CT were 3.0 and 3.7, 7.3 and 7.7 per study,
respectively.

A recent paper evaluated the diagnostic performance of
[-123 MIBG SPECT/MRI, 1-123 MIBG SPECT/CT, and
MRI for the detection of adrenal pheochromocytomas in
patients with elevated catecholamines [48]. Coregistration
and fusion of SPECT/CT and adrenal MRI examinations
were undertaken on a workstation with a commercial
software package using the SPECT and the corresponding
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CT series as reference. Sixteen adrenal tumours were found
in 13 patients. Histopathology and/or clinical and radio-
logical follow-up served as the gold standard. On a per-
lesion basis, SPECT/CT had a sensitivity of 87.5 %, a
specificity of 94 %, and an accuracy of 92.5 %; MRI had a
sensitivity of 87.5 %, a specificity of 97 %, and an accu-
racy of 95 %. On a per-patient basis, both SPECT/CT and
MRI had a sensitivity of 86 %, a specificity of 93 %, and
an accuracy of 91 %. SPECT/MRI fusion was superior to
both SPECT/CT and MRI and had a sensitivity of 100 %
on both a per-lesion and a per-patient basis. This study
demonstrated the feasibility and diagnostic performance of
retrospective [-123 MIBG SPECT/MRI (based on hybrid
SPECT/CT), which was found to be the most accurate
imaging modality for detecting pheochromocytoma.

Finally, the improved benefit of SPECT/CT compared to
SPECT alone for the accurate localisation of NETs was
recently confirmed in a study including five I-123 MIBG
scans and eight SRS studies [49]. Pathology and radio-
logical follow-up served as the reference standard. In
MIBG scans, SPECT alone could not detect a 1.1-cm
adrenal lesion or correctly characterise normal physiolog-
ical adrenal uptake in consecutive scans of the same patient
with a prior history of adrenelectomy, all of which were
accurately assessed by means of SPECT/CT. In In-111
pentetreotide studies, SPECT/CT performed better than
SPECT alone for lesion localisation and characterisation in
the liver, pancreatic head, bones, and lymph nodes. In fact,
SPECT alone could not localise primary or metastatic
lesions in six subjects all of which were accurately iden-
tified by SPECT/CT. These results indicate that SPECT/CT
is clinically useful in imaging patients with NETs by
improving lesion conspicuity, reducing false positives, and
clarifying indeterminate lesions due to a better localisation
capability compared to SPECT alone; therefore, it should
be included in the diagnostic work-up of these patients
rather than SPECT alone.

Future perspectives

During the last decade, hybrid imaging has revolutionised
nuclear medicine: multimodal devices integrating PET or
SPECT with CT are now able to combine functional and
anatomical data in the same diagnostic examination in
everyday clinical practice. The increasing availability of
hybrid SPECT/CT devices offers superior accuracy for
localisation and functional characterisation of NETs in
comparison with traditional planar and SPECT-alone
images. Nevertheless, in our opinion, it is of the utmost
importance that the imaging protocol be tailored to each
patient. In particular, performing CT should be fully jus-
tified and the CT procedure should be individually adjusted
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tailored to address the clinical issue. To date, low-resolu-
tion CT has usually been performed in SPECT/CT exam-
inations [50], but clearly it does not always allow optimal
interpretation of the CT images, which could provide
superior anatomical resolution if acquired by a full diag-
nostic contrast-enhanced protocol. Therefore, new-genera-
tion SPECT/CT hybrid cameras with improved CT spatial
resolution will enable the avoidance of an additional,
separate contrast-enhanced CT study in clinical situations
that demand superior resolution.

Because SPECT images are coarsely compromised by
artefacts caused by photon scatter and attenuation, current
SPECT cameras do not allow the quantification of regional
values of radioactivity tissue concentration. Hybrid
SPECT/CT systems seem to be able to provide reliable
corrections for these artefacts, thereby allowing truly
quantitative SPECT [51, 52]. Therefore, the use of these
devices has the potential to substantially improve the
accuracy of dosimetry estimates in radionuclide therapy for
NETs [53-55].

However, the real question for the future clinical
applications of SPECT/CT in patients with NETs is related
to the advent of PET/CT. In particular, recent years have
seen Ga-68 DOTA-labelled somatostatin analogues for
PET imaging introduced for the diagnostic work-up of
NETSs with very interesting results; the accuracy is usually
higher than that of In-111 pentetreotide imaging in com-
parative studies [56, 57]. It is now evident that nuclear
medicine departments with PET/CT facilities are moving
towards PET applications, with In-111 pentetreotide and
MIBG SPECT/CT being considered a second-choice
approach for NET diagnosis, staging, and follow-up,
except in centres where PET/CT or some PET radiophar-
maceuticals are still not available.

Conclusions

SPECT/CT is a hybrid imaging technique, which combines
the benefits of the functional information from SPECT with
the detailed anatomical data provided by CT. Several
studies analysed in this review have clearly indicated that,
in patients with NETs, SPECT/CT is able to improve the
diagnostic accuracy of planar and SPECT-alone images,
using either In-111 pentetreotide or radioidinated MIBG.
Apart from the advantages of better sensitivity and speci-
ficity, SPECT/CT changes the clinical management in a
significant percentage of patients with NETs and should
therefore always be performed. In-111 pentetreotide and
MIBG with hybrid system SPECT/CT are, for NETsS, cur-
rently the best available imaging options with gamma-
emitting radiopharmaceuticals, and this approach can still
be considered a very useful alternative to PET/CT. The role

of SPECT/CT in the future routine clinical scenario will
mainly depend on the large-scale availability of the PET
radiopharmaceuticals for NET imaging.
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