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Abstract Hybrid SPECT/CT imaging is playing an
increasingly important role in nuclear medicine in several
oncological and non-oncological fields. This review pre-
sents a literature survey on the use of SPECT/CT as an
adjunct to parathyroid scintigraphy in patients with hyper-
parathyroidism (HPT), highlighting the certainties and the
controversies that have so far emerged in this regard.
SPECT/CT, providing both functional and anatomical data,
has proved to be superior to conventional planar parathyroid
scintigraphy and to SPECT for the precise localization and
characterization of areas of marked uptake of radiotracers
(MIBI or tetrofosmin) corresponding to abnormal parathy-
roid glands, thus facilitating their surgical treatment. The
major benefits of SPECT/CT have been observed in patients
with ectopic adenomas, mainly in the mediastinum, and in
those with previous neck surgery. In some studies, SPECT/
CT has also demonstrated a higher sensitivity than con-
ventional planar or SPECT scans particularly in the detec-
tion of low-weight parathyroid adenomas and in the
presence of concomitant nodular goiter. In other studies,
SPECT/CT has also been found to be more specific, with the
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anatomical data provided by the CT component shown to be
of help in correctly categorizing MIBI-avid non-parathyroid
lesions. No definitive conclusions on the clinical value of
SPECT/CT in patients with secondary HPT and multi-
glandular disease can be done due to the small number of
studies thus far conducted, but the current available data
nevertheless seem to suggest that hybrid imaging is able to
detect a significantly higher number of hyperplastic glands
than planar scanning can.
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Introduction

Hyperparathyroidism (HPT) is an endocrine disorder due to
increased activity of the parathyroid glands that have the
function of maintaining calcium and phosphate homeosta-
sis [1].

The parathyroid glands, or parathyroids, are small
ellipsoid-shaped structures normally located behind the
thyroid glands in close proximity to the upper and lower
poles of both thyroid lobes. Although it is usual to have
four parathyroid glands, approximately 10 % of individuals
may have more (between five and seven) and 2-3 % have
fewer than four. Moreover, in almost 4-16 % of cases,
parathyroids (more often inferior parathyroids) can be
present in ectopic sites. Depending on their embryonic
development, it is therefore possible to find superior
parathyroid glands, which originate from the 4th branchial
arch, in the carotid sheath, within the thyroid, or in the
tracheoesophageal groove of either the neck or the superior
mediastinum. Inferior parathyroid glands, which, like the
thymus, originate from the 3rd branchial arch, may be
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located below the lower pole of the thyroid lobe, either in
the thyrothymic ligament or within the cervical portion of
the thymus, within the thyroid, along the carotid sheath, or
in the anterior mediastinum, in this latter case being either
within the thymus or in contact with the great vessels.

There are essentially three types of HPT: primary (p),
secondary (s), and tertiary (t) HPT [1].

pHPT is a relatively common disease, affecting
approximately 0.7 % of the general population in Western
countries [1, 2]. It is due to the autonomous overproduction
of parathyroid hormone (PTH) by one or more parathyroid
glands, leading to inappropriately elevated intact PTH
serum levels and hypercalcemia. The most frequent cause
of pHPT is a single parathyroid adenoma (80-85 % of
cases); more rarely, it is caused by multiglandular disease
(MGD), either double adenoma (5 %) or glandular hyper-
plasia (10-15 %), while parathyroid carcinoma is a very
rare cause (<1 %). Parathyroid hyperplasia of one or more
glands is particularly frequent in patients with hereditary
forms of pHPT (familial HPT, multiple endocrine neopla-
sia syndromes, HPT-jaw tumor syndrome).

sHPT is generally a complication of chronic renal fail-
ure, but it can also be associated with vitamin D deficiency
or vitamin D resistance, intestinal absorption abnormali-
ties, and renal leak syndrome; all these conditions may
cause hypocalcemia which represents the stimulus for PTH
hypersecretion, leading to generalized hyperplasia of the
parathyroid glands [1, 3].

In long-standing renal disease, and usually after kidney
transplantation, the parathyroid glands may continue to
grow and diffuse hyperplasia may develop into asymmetric
nodular hypertrophy becoming autonomous and leading to
hypercalcemia. This condition is known as tHPT [1, 3].

In patients with pHPT and hypercalcemia, the definitive
cure is surgical resection of the hyperfunctioning parathy-
roid gland [2]. Bilateral neck exploration with examination
of all four parathyroid glands has been the standard of care
for many years. However, considering that a single para-
thyroid adenoma is the most frequent cause of pHPT, more
recent years have seen an increasing interest in minimally
invasive parathyroidectomy, in which the surgical resection
is limited solely to the hyperfunctioning gland, obviating
the need for bilateral neck exploration. Minimally invasive
parathyroidectomy, which may even be performed endo-
scopically, requires accurate preoperative imaging studies
to identify and localize the adenoma and may benefit from
the combined use of intraoperative PTH assay to confirm
adenoma removal, thereby improving the chances of
achieving a complete surgical cure.

In sHPT, the medical treatment represents the first-line
therapeutic option, but when the disease becomes resistant
to medical therapy, parathyroidectomy, either subtotal
parathyroidectomy or total parathyroidectomy with
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autotransplantation, should be considered [3]. Parathy-
roidectomy may also be necessary in tHPT in patients with
refractory hypercalcemia.

However, in both pHPT and sHPT, the initial surgery
may not provide a definitive cure due to: failure to identify
ectopic lesions, the presence of unsuspected MGD or
autonomous hyperplasia of the parathyroid autografts, or
insufficiently extensive surgery in known MGD, leading to
persistent or recurrent disease that requires a second
operation. In pHPT patients, HPT may persist after para-
thyroidectomy in 2-22 % of cases and recur in 1-10 % of
cases [4], whereas in sHPT patients persistent disease has
been observed in 5-10 % of cases and recurrent disease in
20-30 % of cases [5].

Parathyroid scintigraphy
Role and indications

Parathyroid imaging has no role in the diagnosis of HPT,
which is based on biochemical and clinical data; thus, a neg-
ative parathyroid scan does not exclude a diagnosis of HPT.

Instead, parathyroid imaging plays a very important role
in the preoperative identification of hyperfunctioning
parathyroid gland(s) in HPT patients who are candidates
for surgery and in helping the surgeon to find the most
appropriate approach, thus reducing operating times and
limiting complications and surgical failure.

At present, **™Tc-sestaMIBI (MIBI) parathyroid scin-
tigraphy is recognized as the imaging procedure of choice
in this field and it is especially indicated in patients with
pHPT at their first operation who are scheduled to undergo
a minimally invasive parathyroidectomy [6, 7]. In such
patients, it is suggested to use the technique in combination
with high-resolution neck ultrasound (US) in order to fur-
ther increase the sensitivity and accuracy of detection and
localization of parathyroid adenomas located in the neck.
Moreover, the addition of US is particularly indicated in
patients with concomitant thyroid nodules for better dif-
ferentiating these from parathyroid lesions. Thin-section
computed tomography (CT) and MRI may also be useful as
additional imaging modalities in the presence of ectopic
mediastinal parathyroid adenomas since they allow
detailed anatomical localization [6, 7].

The role of preoperative parathyroid scintigraphy in
patients with sHPT, who are in any case candidates for
bilateral neck exploration, remains controversial due to the
low sensitivity demonstrated by scintigraphy in the iden-
tification of hyperplastic glands [6, 7].

Preoperative MIBI parathyroid scintigraphy is, instead,
mandatory in patients with persistent or recurrent disease
because of the increased likelihood of supernumerary
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parathyroid glands and ectopic localization and the
increased risk of complications and surgical failure in the
presence of distortion and scarring caused by previous
surgical interventions [6, 7]. Selective venous sampling of
parathyroid hormone has been considered the gold standard
in this setting, but it has certain limitations: it is invasive,
operator dependent, and requires considerable experience
to achieve successful results [8].

MIBI parathyroid scintigraphy, finally, is a prerequisite
for the intraoperative localization of hyperfunctioning
parathyroid tissue using a gamma-probe or a small camera
(radioguided minimally invasive parathyroidectomy) [6, 7].

Acquisition protocol

For parathyroid scintigraphy, two-dimensional planar
scanning continues to be the standard acquisition method,
performed according to either the dual-tracer subtraction or
the single-tracer dual-phase protocol [6, 7].

Necessitated by the absence of radiotracers that are
trapped exclusively in parathyroid tissue, the dual-tracer
subtraction protocol rests on the use of two different ra-
diotracers, one that is exclusively taken up by thyroid tissue
(°**™Tc-pertechnetate or '*°T) and another that is taken up by
both thyroid and parathyroid tissue (*°™Tc-MIBI). After
acquisition, the thyroid image is subtracted from the thy-
roid/parathyroid one, leading to the visualization of the
hyperfunctioning parathyroid tissue only. For thyroid
imaging, radioiodine should be preferred to °*™Tc-per-
technetate since a radioiodine thyroid image and a MIBI
thyroid/parathyroid image may be acquired simultaneously,
avoiding the problem of artifacts on the subtraction image.
However, "2’ is more expensive than *™Tc-pertechnetate
and requires a longer interval between injection and image
acquisition. **™Tc-tetrofosmin can be used as an alternative
to MIBI in the dual-tracer protocol, since it, too, accumu-
lates in both thyroid and parathyroid tissue.

Instead, the single-tracer dual-phase protocol is based on
the differential washout of MIBI from thyroid and para-
thyroid tissue, with washout from thyroid glands usually
being faster than that from hyperfunctioning parathyroid
glands. This protocol thus requires the acquisition of two
sets of images after the i.v. injection of MIBI: early
(15 min) and delayed (2-3 h) images; hyperfunctioning
parathyroid tissue usually appears as a focal area of
increased uptake in the early images that becomes more
evident on the delayed images. However, this is not always
the case, given that the retention of MIBI in parathyroid
tissue is affected by several biological factors; parathyroid
adenomas thus present variable washout kinetics, and many
hyperplastic parathyroid glands show a faster washout.
Moreover, some thyroid nodules, such as adenomas and
carcinomas, present the same uptake pattern usually seen in

parathyroid adenomas. The combination with a thyroid
scintigraphy and/or with a thyroid US may help in differ-
entiating thyroid from parathyroid nodules. Tetrofosmin is
not suitable for the dual-phase protocol since it is not
characterized by differential washout in the thyroid and
parathyroid glands.

Irrespective of the acquisition protocol applied, parathy-
roid planar MIBI imaging involves the acquisition of at least
two images: one, acquired with a parallel-hole collimator,
that includes both the entire neck and the thorax (from the
angle of the jaw to the upper part of the myocardium) in the
field of view to ensure the visualization of ectopic and
supranumerary parathyroid glands, and the other focused on
the neck and magnified in the thyroid/parathyroid area; for
this latter image, as well as for the thyroid image in the dual-
tracer protocol, the use of a pinhole collimator is suggested
for optimal resolution and greater sensitivity. Additional
lateral or anterior-oblique views of the neck may be useful in
the presence of a focal area of increased MIBI uptake adja-
cent to the inferior pole of the thyroid gland to help in dif-
ferentiating between an inferior adenoma (anterior position,
close to the thyroid) and a superior adenoma that has
migrated caudally in the tracheoesophageal groove or behind
the esophagus (posterior position).

Standard planar parathyroid scintigraphy, performed
either with the dual-tracer or with the single-tracer dual-
phase technique, has proved very effective in the detection
of parathyroid adenomas in pHPT patients, achieving
sensitivity values equal or superior to 90 % in most series,
whereas its sensitivity in detecting hyperplastic glands in
sHPT patients appears much lower [5, 9].

Single-photon emission tomography (SPECT)

In the last two decades, SPECT has been increasingly
employed in parathyroid imaging as a complementary tool
to conventional planar imaging. SPECT data should be
acquired over a 360° arch, including the neck and the
thorax (from the angle of the jaw to the upper part of the
myocardium) in the field of view, using a body-contoured
elliptic orbit, obtaining 120 projections at 15-25 s/per
projection (every 3-6° angle), and using a matrix of
128 x 128 and suitable zoom factor [6, 7].

SPECT may be included in both dual-tracer and single-
tracer dual-phase protocols, and in the latter it may be
acquired in the early or in the delayed phase, or in both.
However, SPECT acquired in the early phase should be
preferred to delayed SPECT as it gives a lower number of
false-negative results related to hyperfunctioning parathy-
roid glands with rapid washout, as demonstrated by Perez-
Monte et al. in a series of 47 patients: 33 at their first
surgical exploration and 14 who were candidates for repeat
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surgery because of persistent or recurrent HPT [10]. In this
series, early SPECT gave 91 % sensitivity for detection
and localization of adenomas, whereas the sensitivity of
delayed SPECT was 74 % for detection and 32 % for
localization, with a statistically significant difference for
both localization (P < 0.001) and detection (P = 0.03).

When compared with standard planar scanning, SPECT
offers certain intrinsic advantages. The multidimensional
and maximum intensity projection (MIP) images provided
by SPECT are more accurate in defining the depth of
hyperfunctioning parathyroid lesions in relation to the
thyroid gland and when these lesions are present within the
mediastinum.

The major advantages of SPECT over planar scanning
have been demonstrated, in particular, in patients affected
by pHPT, with SPECT found to show higher sensitivity
especially in the detection of small, deeply located and
ectopic parathyroid adenomas and in the presence of con-
comitant multinodular goiter (MNG) [11, 12].

Moka et al. [11], in a series of 55 patients with pHPT
scheduled for bilateral neck exploration, combined early
planar MIBI imaging with delayed SPECT; multiplanar
SPECT and MIP images increased planar sensitivity from
71t0 95 %, showing a higher performance especially in the
detection of small adenomas <500 mg, only 56 % of
which were positive on planar MIBI imaging, while 91 %
of these were positive on SPECT. SPECT also showed a
higher sensitivity in larger adenomas, but the difference
was less marked (97 versus 81 %).

Lorberboym et al. [12] added early SPECT to standard
MIBI planar dual-phase and dual-tracer (using pertechne-
tate for thyroid imaging) scanning in a consecutive series
of 52 patients with pHPT who were candidates for mini-
mally invasive surgery. Early SPECT increased planar
sensitivity from 79 to 96 %, proving to be superior mainly
in patients with ectopic adenomas or with concomitant
MNG. In the same series, washout kinetics of MIBI proved
unreliable in the planar dual-phase technique, delayed
MIBI retention being present in only 60 % of adenomas.

Gallowitsch et al. [13] compared tetrofosmin/pertech-
netate subtraction planar scintigraphy with SPECT in a
series of 23 patients with suspected parathyroid adenoma
or hyperplasia due to pHPT or tHPT in an endemic goiter
area. In this series, no difference between planar and
SPECT in the detection of parathyroid adenomas was
found, with both imaging modalities showing 87 % sensi-
tivity; however, the combined use of the two procedures
increased the sensitivity to 97.5 %.

Staudenherz et al., adding delayed SPECT to MIBI dual-
phase planar scanning in a series of 56 pHPT patients with a
high prevalence of concomitant thyroid diseases, also failed
to find differences in sensitivity between SPECT and planar
images, although SPECT gave additional information
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regarding the exact topographical localization of the para-
thyroid tumor in patients with superimposed thyroid disease
or previous neck surgery [14].

These advantages of SPECT, which make it a better
guide for the surgeon, especially in patients with ectopic
cervico-mediastinal posterior adenomas, have also been
reported by Billotey et al. in a mixed population of 43
patients with HPT (24 with pHPT, 16 with sHPT, and 3
with tHPT), including 33 with persistent or recurrent HPT
[15]. For each patient, dynamic scintigraphy, planar, and
SPECT images of the neck and thorax were acquired. The
authors analyzed the kinetics of tracer uptake in the thyroid
area using specific software with factor analysis of
dynamic structures.

In contrast with the data obtained in pHPT patients, and
especially in those with parathyroid adenomas, the superi-
ority of SPECT over planar scanning in the detection of
hyperplastic glands and in sHPT patients remains debatable.

Civelek et al. assessed the feasibility of delayed SPECT,
as a single stand-alone test, in a very large series of patients
with pHPT (338 patients: 287 unexplored and 51 re-
explored); 400 abnormal glands were excised at surgery,
including 299 single adenomas, 23 double adenomas, and
55 hyperplastic glands. Sensitivity was high in adenomas,
both single and double (96 and 83 %, respectively), but
low in hyperplastic glands, only 45 % of which were true
positive [16].

Gallowitsch et al. compared tetrofosmin planar and
SPECT scintigraphy in 48 patients, 35 with pHPT and 13
with sHPT; SPECT increased planar sensitivity in both
pHPT and sHPT (from 69.2 to 94.4 % and from 38 to
61.5 %, respectively), but the value reached in the latter
patients with hyperplastic glands appeared unsatisfactory
[17].

Better results have been obtained by Neumann et al.
using 'ZI/MIBI subtraction SPECT which showed 77 %
sensitivity in the identification of hyperplastic glands in 19
patients with chronic renal failure and sHPT [18]. The
same authors in another study, carried out in a selected
series of patients with sHPT who had previously undergone
total parathyroidectomy and autotransplantation, obtained
no false-negative results in localizing hyperplastic para-
thyroid tissue [19]. All of the parathyroid autotransplants in
the sternocleidomastoid muscle were successfully identi-
fied in this series of patients. Given that these lesions are
difficult to localize preoperatively, even using high-reso-
lution morphological procedures such as CT, the authors
concluded that '**I/MIBI subtraction SPECT can be con-
sidered the imaging procedure of choice for the preopera-
tive localization of abnormal parathyroid tissue in patients
with postoperative recurrent sHPT.

Spanu et al. tested a pinhole collimator instead of a
parallel-hole collimator for SPECT, limiting the
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examination to the neck due to the small field of view of
the pinhole. Pinhole SPECT, due to its very high spatial
resolution, proved more sensitive than planar parathyroid
scintigraphy especially in the detection of small and deeply
located adenomas as well as in the identification of
hyperplastic glands in patients with sHPT [20, 21]. How-
ever, pinhole SPECT cannot be used routinely since it
requires software specifically designed for image acquisi-
tion and processing, and the new gamma cameras are not
supplied with such software.

SPECT/CT

As stated above, knowledge of the precise localization of
hyperfunctioning parathyroid glands in patients with HPT
scheduled for surgery is crucial in order to achieve a
definitive cure. Adenomas located anteriorly in the neck
are preferably treated through a mini anterior incision,
whereas those located posteriorly may be removed through
a lateral approach. At the same time, in the mediastinum,
accurate preoperative localization may direct the surgical
approach, leading the surgeon to opt for a median ster-
notomy or a left or right thoracotomy.

Although SPECT, compared with two-dimensional
planar scanning, allows better lesion localization, it lacks
anatomical landmarks. The addition of CT to SPECT
(SPECT/CT) and the fusion of anatomical (CT) and func-
tional (SPECT) images can further improve the topo-
graphic assignment of lesions including their relationship
to the neighboring structures (e.g., the thyroid gland, tra-
chea, esophagus, and vessels). CT and SPECT images can
be acquired with two separate devices and then fused using
dedicated software or, preferably, anatomical and func-
tional images can be acquired sequentially (with the patient
remaining in the same imaging bed) using a hybrid SPECT/
CT device which integrates a SPECT camera with a CT
scanner, thus avoiding co-registration errors.

Like SPECT alone, SPECT/CT may also be included in
both dual-tracer and single-tracer dual-phase protocols. If
planar images are acquired, they should be obtained first
[7]. In the MIBI dual-phase protocol, SPECT/CT may be
acquired in the early or in the delayed phase, or in both.
However, considering that CT acquisition exposes patients
to radiation each time it is performed, one should consider
carefully whether CT should be used at both time points or
at only a single time point [7].

The acquisition parameters of the SPECT component of
SPECT/CT are the same as those mentioned above for
SPECT alone. With regard to the CT component, the
optimal slice thickness, acquisition time, and CT parame-
ters (mAs and kVp) should be determined by individual
laboratories or suggested by the manufacturer and should

aim to maximize image quality and to minimize radiation
exposure to the patient. Low-dose CT is generally
employed, with a tube current of 2.5 mAs and a voltage of
140 kVp (range: 100-140 kVp). Higher tube current values
may be used, thus giving diagnostic CT. Intravenous con-
trast enhancement is not usually used, but it may be useful
or justifiable in selected cases [7].

CT images can be used not only as anatomical land-
marks but also for attenuation correction. The use of
attenuation-corrected (AC) SPECT images rather than non-
AC images has been suggested by some authors, since AC
images seem to facilitate the identification of adenomas,
especially within the mediastinum, due to their better
image contrast [22].

This review presents a literature survey on the use of
SPECT/CT as an adjunct to parathyroid scintigraphy in
patients with HPT. A comprehensive computer literature
search of “PubMed/MEDLINE” was conducted to find
published original articles on the diagnostic performance of
SPECT/CT in HPT. We used a search algorithm based on
the combination of the terms “SPECT/CT” and “hyper-
parathyroidism.” No start date limit was used; the search
was updated to August 30, 2014. No language restriction
was used.

The use of MIBI SPECT and image-fused CT was first
reported in the early 2000s in two case reports in which
SPECT/CT allowed precise preoperative localization of
two ectopic mediastinal parathyroid adenomas, directing
the successful excision of the hyperfunctioning lesions via
minimally invasive surgery. In both studies, SPECT and
CT data were acquired with two separate SPECT and CT
devices and then fused by using dedicated fusion software
[23, 24].

The usefulness of MIBI SPECT/CT for the correct
preoperative localization of ectopic mediastinal parathy-
roid adenomas was then confirmed by Kaczirek et al. [25]
in a series of four patients, two with pHPT and two with
persistent sHPT, in whom SPECT and CT were acquired
by means of a hybrid device.

Table 1 summarizes, in chronological order, the most
important studies (at least ten patients per study) in the
current literature reporting the clinical role of SPECT/CT
in patients affected by HPT. The parathyroid scintigraphic
protocols and the main SPECT and CT acquisition
parameters employed by the different authors are also
reported. The SPECT/CT studies were generally performed
in comparison with conventional imaging methods (planar
scanning, SPECT, US, or CT).

SPECT/CT in patients with pHPT

Gayed et al. [26] evaluated the additional value of MIBI
SPECT/CT, acquired in the early phase, over conventional
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Table 1 continued

Clinical value of SPECT/CT

angular step, time/frame; current

SPECT/CT parameters: matrix,
(mAs), voltage (kV)

Parathyroid scintigraphic protocol

Patients

Study
design

First author
[reference
number]

Year

@ Springer

Early SPECT/CT associated with any delayed method

128 x 128, ns, 20/30 s

ns, ns

ns 154 pHPT MIBI dual-phase planar scan, SPECT,
and SPECT/CT

2014 Tokmak

superior to dual-phase planar or SPECT scan in terms of

sensitivity and PPV

et al. [31]

SPECT/CT more sensitive than planar scan in low-weight

adenomas and in hyperplastic glands, regardless of their

size

R retrospective, P prospective, pHPT primary hyperparathyroidism, sHPT secondary hyperparathyroidism, ns not specified, MGD multiglandular disease

dual-phase planar and SPECT scans in diagnosing and
locating both parathyroid adenoma and parathyroid
hyperplasia in a series of 48 patients with pHPT. SPECT/
CT changed the diagnosis, from positive to negative, in
only one patient (2 %) and better located the glands in only
four patients (8 %), proving particularly helpful in locating
the two ectopic parathyroid adenomas. The authors con-
cluded that SPECT/CT does not add significant clinical
value to that of conventional SPECT except in locating
ectopic parathyroid glands.

SPECT and SPECT/CT sensitivities in adenoma or
hyperplastic gland detection have also been compared in
other studies summarized in Table 2, while Table 3 reports
the studies in which the clinical impact of SPECT/CT in
ectopic lesion detection was assessed.

Serra et al. [27] applied the same acquisition protocol
utilized by Gayed et al. in a selected series of 16 patients
(most of whom were affected by pHPT) with 23 MIBI-
positive glands (16 hyperplastic glands, 5 adenomatous
glands, 1 parathyroid carcinoma, and 1 thyroid carcinoma),
14 in ectopic sites and nine in normotopic sites. The
patients also underwent neck US which was inconclusive in
12/16 patients affected by MNG, but identified two prob-
able ectopic parathyroid glands. The inclusion criteria
were: HPT with a clinical indication for surgery and glands
not clearly identified by US due to concomitant presence of
MNG, HPT with US negative for parathyroid localization
in patients with normal thyroid gland, HPT in patients with
ectopic glands detected by planar parathyroid scintigraphy.
SPECT/CT gave a higher sensitivity than planar scanning
(100 versus 57 % in pHPT patients and 64 versus 43 % in
sHPT patients) and the same sensitivity as SPECT. How-
ever, fusion imaging showed additional benefit over planar
dual-phase scanning and SPECT in the precise localization
of lesions, simplifying resection in 39 % of lesions, and
radically changing the surgical approach in three patients
with parathyroid glands located in the retrotracheal space.

Krausz et al. [28] also added early SPECT/CT to planar
dual-phase scanning in a selected series of patients
(n = 36) with pHPT with a negative planar scan or with an
ill-defined focus in the neck or an ectopic site on planar
imaging. The incremental value of SPECT/CT with regard
to lesion localization and the surgical procedure was
assessed. In this series, SPECT/CT contributed to locali-
zation and surgical planning in 14/36 (39 %) patients: ten
with ectopic parathyroid adenomas and four with cervical
adenomas who had distorted neck anatomy following
previous failed parathyroidectomy (3/4 cases) or total
thyroidectomy (1/4 cases). In particular, the results chan-
ged the surgical planning in six of the ten patients with
ectopic adenomas in whom sternotomy was avoided as
SPECT/CT allowed precise anatomical localization of the
lesions at the level of the suprasternal notch and
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manubrium. In this series, SPECT/CT was of limited
additional value in the detection of cervical adenomas in
patients undergoing initial surgery. Moreover, SPECT/CT
did not increase the sensitivity of planar scanning, with
both procedures detecting 92 % of adenomas subsequently
confirmed at surgery.

Figure 1 illustrates the case of a pHPT patient with an
ectopic mediastinal parathyroid adenoma precisely local-
ized by SPECT/CT.

Harris et al. [29] also assessed the accuracy of MIBI
SPECT/CT (acquired at 2 h), added to planar dual-phase
scintigraphy, in predicting the precise intraoperative ana-
tomical location of parathyroid adenomas, using both
qualitative and quantitative analyses; for the latter, they
measured the distance between the location of the adenoma
on SPECT/CT and the location of the adenoma pinpointed
intraoperatively. In a series of 23 patients, SPECT/CT
correctly detected and localized 16 of 18 cases of single
adenomas, predicting the intraoperative location of a single
parathyroid adenoma within 19.0 mm with 95 % confi-
dence. The median interval from incision to identification
of the adenoma was 14 min (range: 8—40 min). Moreover,
the authors demonstrated that, in the setting of pHPT, a
single focus of MIBI uptake has an 80 % (95 % CI
97.4-66.5 %) chance of corresponding to a single para-
thyroid adenoma in the exact location indicated by the
SPECT/CT scan. On the contrary, the correct detection and
localization of multiple glands remained very difficult
since only one of two cases of double adenomas was
identified, and none of the three cases of multiglandular
hyperplasia.

Lavely et al. [30] studied a very large series (n = 110)
of patients with pHPT and no prior surgery, 98 of whom
had single adenomas and were the subject of their study.
Six image sets (early and delayed planar, SPECT, and
SPECT/CT images) were acquired and compared with each
other, also to determine whether dual-phase imaging is
advantageous for these three methods. Surgical location
served as the standard. In this study, SPECT/CT allowed
the highest reader confidence in localizing parathyroid
adenomas. Moreover, early SPECT/CT in combination
with any delayed imaging method (SPECT/CT, SPECT, or
planar imaging) was statistically superior to dual-phase
planar imaging or dual-phase SPECT. Moreover, for all
three methods (planar, SPECT, and SPECT/CT), dual-
phase imaging was superior to single-phase imaging. The
authors concluded that dual-phase imaging protocols, that
must include early SPECT/CT, should be included in the
routine preoperative evaluation of patients with pHPT
scheduled for surgery, underlining that the major advantage
of SPECT/CT seems to be its ability to differentiate infe-
rior from inferoposterior glands (superior glands in the
tracheoesophageal groove).

A pHPT case with an inferior parathyroid adenoma is
illustrated in Fig. 2.

Tokmak et al. [31] also acquired and compared six
image sets (early and delayed planar, SPECT, and SPECT/
CT images) in a series of patients (n = 154) with pHPT
before neck surgery; they also considered the definitive
histology reports (168 lesions: 140 single eutopic adeno-
mas, 4 double adenomas, 4 ectopic adenomas, and 16
hyperplastic glands in MEN-1 patients). In this study, too,
the combination of early-phase SPECT/CT with any
delayed imaging method proved to be the best diagnostic
protocol in terms of both sensitivity and positive predictive
value. Moreover, in this series, SPECT/CT proved more
sensitive than planar scanning (per-patient sensitivity: 97.9
versus 87.7 %), especially in low-weight adenomas, iden-
tifying 28 % more lesions than planar scanning and also
detecting more hyperplastic glands, regardless of their size.
In particular, in patients with hyperplastic glands (MEN-1
patients), SPECT/CT revealed about 7 % more lesions than
planar imaging did. The authors also demonstrated that the
addition of neck US to SPECT/CT did not significantly
affect the correct preoperative localization rate (P = 0.30).

Oksiiz et al. [32] assessed the accuracy of parathyroid
imaging for the detection of parathyroid adenoma and
glandular hyperplasia comparing dual-phase planar scan-
ning, SPECT, and SPECT/CT in a series of 60 patients, 56
with pHPT and four with sHPT. SPECT/CT demonstrated
a significantly higher per-patient and per-lesion sensitivity
than planar scanning did (97 and 95 % versus 76 and 69 %,
respectively), due to the superior contrast resolution, lesion
depth information, and accurate three-dimensional locali-
zation, all factors contributing to increase the detection rate
of particularly small adenomas. SPECT/CT had identical
sensitivity compared to SPECT alone, but it provided
superior topographic information, particularly in patients
with ectopic adenomas. In 8/60 patients, C-11 methionine
PET or PET/CT was also performed, resulting positive in
all cases (per-patient sensitivity: 100 %) and identifying
8/9 (89 %) lesions; the authors thus recommended the use
of this latter procedure, as an additional diagnostic tool, in
cases with negative MIBI findings and proven HPT.

Ciappuccini et al. [33], in their single-institution expe-
rience, assessed the diagnostic value of SPECT/CT in
pHPT patients in a consecutive series of 94 patients and
analyzed the relationship between SPECT/CT data and
serum calcium or PTH concentrations. Fifty-nine studies
(63 %) were positive, demonstrating a single focus in 56
cases and double foci in three. Serum calcium and PTH
levels, as well as adenoma size, affect the likelihood of
SPECT/CT being positive, serum biological markers, and
lesion size being significantly higher (P < 0.001) in
patients with a positive scintigraphy than in those with a
negative scan. Moreover, in patients with a measurable
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parathyroid adenoma on integrated CT scan (n = 43), the
greatest axial diameter of the adenoma was correlated with
serum calcium or PTH levels. Fifty-four patients under-
went surgery. Pathological glands were ascertained at
surgery in 48/54 patients (a single adenoma in 46 cases,
one parathyroid carcinoma in one case, and a double ade-
noma in one case). SPECT/CT was true positive in 44/48
cases and true negative in five of the remaining six patients
without abnormal glands, resulting in a sensitivity of 92 %
and a specificity of 83 %.

Bural et al. [34] demonstrated the greater benefit of
SPECT/CT over SPECT alone especially for the accurate
detection and localization of subcentimeter parathyroid
adenomas. In a series of 32 patients with elevated PTH
levels (29 with one surgically proven adenoma and three
with hyperplastic glands), SPECT correctly identified and
localized the hyperfunctioning parathyroid glands in 22
cases (69 %), while SPECT/CT did so in 31 cases (97 %).
All the parathyroid lesions not detected with SPECT in ten
patients were less than 10 mm in size. The low sensitivity
of SPECT in the detection of subcentimeter lesions was
explained by the authors as an effect of the poor spatial
localization ability of SPECT alone, i.e., the absence of a
precisely registered CT limits the detection of small
lesions. Also the only false-negative patient on SPECT/CT
had a small adenoma (8 mm).

Other authors have focused on the use of SPECT/CT in
patients with pHPT and concomitant thyroid nodules.

Pata el al. [35] assessed the clinical performance of
MIBI SPECT/CT compared to conventional SPECT in a
selected series of 33 patients with pHPT and concomitant
nodular goiter to determine whether SPECT/CT is more
useful than SPECT in guiding the surgeon during para-
thyroidectomy, particularly minimally invasive parathy-
roidectomy. SPECT/CT gave higher sensitivity, specificity,
and positive predictive values than SPECT (93.7, 92.9, and
93.7 % versus 80, 87.5, and 88.9 %, respectively) in pre-
dicting the correct neck side of abnormal parathyroid
glands, although the differences were not statistically sig-
nificant. The sensitivity and positive predictive values of
SPECT/CT were significantly higher than those of SPECT
(87.5 versus 55.6 %, P < 0.0001, and 87.5 versus 62.5 %,
P < 0.0022) in correctly identifying the neck quadrant
affected by pHPT. Moreover, as for the relationship
between imaging and operating time, the authors observed
a slight, but significant, reduction of operating time after
evaluation with SPECT/CT. In particular, SPECT/CT
correctly identified the position of the adenoma in relation
to the trachea, esophagus, and spine and thus optimized the
surgical procedure.

Shafiei et al. [36] also assessed the usefulness of MIBI
scintigraphy in a series of 48 patients with pHPT and con-
comitant nodular goiter scheduled for surgery, comparing

@ Springer

early SPECT and SPECT/CT with dual-phase planar
scanning. SPECT/CT gave higher sensitivity, specificity,
and accuracy values than both SPECT and planar scanning
(the corresponding values were 77.5, 96.77, and 85 % for
SPECT/CT versus 67.34, 87.9, and 75 % for SPECT, and
59.18, 77.41, and 66.25 % for planar scanning, respec-
tively). There were nine sites that were found to be better
localized on SPECT/CT scans than on SPECT images; five
of these were located in the ectopic regions (thyrothymic
ligament, tracheoesophageal groove, and thymus).

Some authors have assessed the efficacy of MIBI
SPECT/CT, in comparison with high-resolution neck US,
for planning minimally invasive parathyroidectomy in
patients with pHPT [37, 38].

Patel et al. [37] retrospectively evaluated 63 patients
with pHPT, 59 of whom had a solitary adenoma at surgery.
US preoperatively identified 35/59 adenomas (64 %),
whereas SPECT/CT identified 53/59 (90 %). Combined
ultrasound and SPECT/CT identified 56 solitary parathy-
roid adenomas with concordant results in 35/56 cases
(59 %), while three cases were positive only on US and 18
only on SPECT/CT; the adenoma was deep-seated or
ectopically located in 14 of these latter cases, and there was
co-existing nodular thyroid disease in eight cases. Com-
bined US and SPECT/CT had an overall sensitivity of
95 % and an overall accuracy of 91 % for the preoperative
localization (superior or inferior) of solitary parathyroid
adenomas. There was no statistically significant difference
in gland localization using SPECT/CT alone compared
with SPECT/CT and US (P > 0.05). The authors con-
cluded that the combination of US and SPECT/CT has
incremental value in accurately localizing parathyroid
adenomas compared with each technique alone and allows
the selection of patients with pHPT who would be eligible
for minimally invasive surgery. These conclusions are in
agreement with those of Noda et al. [38] who retrospec-
tively evaluated 75 pHPT patients with a surgically proven
single parathyroid adenoma. In this latter study, which also
evaluated the clinical effectiveness of MIBI planar scan-
ning, the rates of accurate identification of the laterality of
lesions (left or right) by US, planar scanning, and SPECT/
CT were 83.6, 85.2, and 88.5 %, respectively. The corre-
sponding values for precise lesion localization (right upper,
right lower, left upper, left lower area of the thyroid gland
or ectopic site) were 77.0, 75.4, and 88.5 % of the evalu-
able cases, respectively. Precise localization was achieved
in 90.5 % of cases when combining US with planar scan-
ning and in 100 % when combining US with SPECT/CT.
In this study, the superior sensitivity of SPECT/CT over
US was confirmed in ectopic glands, 100 % of which were
found to be positive on fusion imaging.

Kim et al. [39] assessed the efficacy of MIBI SPECT/CT
for minimally invasive parathyroidectomy comparing
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Table 2 Per-lesion sensitivity of SPECT versus SPECT/CT in adenoma or hyperplastic gland detection in patients with primary hyperparathyroidism

SPECT SPECT/CT P value
sensitivity

Success of
surgery

Validation

Image analysis

Lesions: number (type)

Patients:

First author [reference

number]

Year

sensitivity

number

100 % 100 %

Visually, preoperatively Surgical 100 %

12 (5 adenomas and 7

10

2006 Serra et al. [27]

findings

hyperplastic glands)
98 (98 adenomas)

0.011

73 %

61.5 %

Surgical

Visually, retrospectively, by two

98

2007 Lavely et al. [30]

findings

groups of two readers. Findings

scored for different locations and
graded on a 5-point scale of
diagnostic confidence

0.779

71 % 70 %

93.4 %

Surgical

Visually, blinded, preoperatively.

61 70 (60 adenomas and 10

2008 Neumann et al. [40]

findings

Findings scored for different

hyperplastic glands)

locations and graded on a 5-point
scale of diagnostic confidence

88 %

Visually, preoperatively Surgical 59 %

116 (116 adenomas)

116

2009 Prommegger et al. [51]

findings

Oksiiz et al. [32]

95 %

Surgical 95 %

Visually, retrospectively

40 (40 adenomas)

35

2011

findings

97 %

61 %

Surgical

Visually

32 (29 adenomas and 3

32

2012 Bural et al. [34]

findings

hyperplastic glands)
34 (19 adenomas and 15

0.039

100 %

Surgical 76.5 %

Visually. Findings scored for

24

2012 Kim et al. [39]

different locations findings

hyperplastic glands)

delayed SPECT/CT to dual-phase planar scanning, SPECT,
and conventional imaging (US and CT) in a series of 31
patients with HPT; 24/31 were positive on scintigraphy and
underwent surgery, leading to surgically proven adenomas
in 19/24 cases and the finding of parathyroid hyperplasia in
5/24 (total: 35 lesions). SPECT/CT demonstrated 100 %
sensitivity in a patient-based analysis and significantly
higher pre-lesion sensitivity when compared with all the
other imaging procedures, correctly identifying the precise
location of lesions. The final clinical diagnosis in seven
patients with normal SPECT/CT was secondary hyper-
parathyroidism at 6 months of follow-up.

Neumann et al. [40] included SPECT/CT in the dual-
tracer MIBI/'*I subtraction parathyroid protocol. The
authors compared the diagnostic accuracy of MIBI/'#’I
subtraction SPECT with SPECT/CT for the localization of
abnormal parathyroid glands in a series of 61 patients with
pHPT. Surgery was successful in 57/61 cases. SPECT and
SPECT/CT showed similar sensitivity values (71 versus
70 %, P > 0.05), but the specificity of SPECT/CT was
considerably higher than that of SPECT (89 versus 48 %,
P < 0.05) because of the ability of SPECT/CT to better
characterize SPECT findings based on their corresponding
CT findings. In 13 cases, this ability allowed correct cat-
egorization of SPECT findings either as MIBI-avid non-
parathyroid lesions (thyroid nodules) or as artifacts (longus
colli muscle), thus reducing the number of false-positive
findings. The authors also correlated SPECT and SPECT/
CT detectability with lesion weight, serum calcium, and
serum PTH. The calcium and PTH levels were similar in
true-positive and false-negative cases for both modalities,
whereas the weights of the lesions differed between the
true positives and false negatives, the weights for the true
positives tending to be higher, particularly for SPECT/CT,
in this latter case reaching statistical significance
(P = 0.023). Finally, the authors demonstrated that the
receiver-operating-characteristic area under the curve of
SPECT/CT was significantly greater than that of SPECT
(P < 0.001).

SPECT/CT dual-tracer MIBI/'?’I parathyroid scintigra-
phy was also tested by Hassler et al. [41] in comparison
with pinhole planar scanning. Each parathyroid uptake was
allocated to a neck parathyroid site (left superior, left
inferior, right superior, right inferior) or classed as ectopic.
The authors studied a series of 50 patients with sporadic
pHPT who underwent planar scanning (neck and medias-
tinum parallel-hole images plus anterior neck pinhole
images) and neck and mediastinum SPECT/CT, all with the
subtraction method. The sensitivity in locating parathyroid
adenomas was equivalent for the two protocols in the
patients overall (86 % for SPECT/CT and 75 % for planar
scanning, P = ns), but SPECT/CT gave a significantly
higher specificity (100 versus 90 %, P < 0.04) allowing
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Table 3 continued

Clinical impact of SPECT/CT in ectopic lesions

Sites of ectopic lesions

Number of

ectopic
lesions

First author

Year

and reference

The 5 intrathyroidal glands were clearly seen on SPECT/CT but poorly localized on planar scan
The other 12/17 glands were detected by both SPECT/CT and planar scan, but only SPECT/CT was

5 Intrathyroidal

17

2013 Zhen et al.

3 Cervical paratracheal space

[44]

able to specifically localize lesions

3 Carotid upper esophageal groove

2 Upper mediastinum

2 Thymus

2 Retroesophageal space

SPECT/CT was positive in all lesions

2 Intrathyroidal
5 Mediastinal

9

2014 Noda et al.

Planar scan was positive in 7/9 and false negative in the 2 intrathyroidal lesions

[38]

US was positive only in the 2 intrathyroidal glands

2 Around esophagus

accurate anatomical localization for the surgeon. The sen-
sitivity of SPECT/CT became significantly higher than that
of planar scanning (88 versus 62 %, P < 0.04) in the
subgroup of patients with concomitant nodular goiter, but
the specificity was similar (100 versus 95 %, P = ns). In
patients without thyroid disease, the sensitivity obtained
with the two protocols was exactly the same (85 % in both
cases). On the basis of the above results, the authors pro-
posed that, for the purpose of obtaining preoperative
assessments of pHPT patients and for guiding surgery,
SPECT/CT subtraction should be performed first and the
examination should then be completed using a neck pin-
hole collimator only if tomoscintigraphy is negative.

SPECT/CT in patients with sHPT

The literature reports only a few studies that specifically
focused on patients affected by sHPT [42—45].

Citawa et al. [42] described a single case of a patient
with advanced sHPT submitted to parathyroidectomy fol-
lowing parathyroid scintigraphy. In this case, SPECT/CT
revealed all four involved glands, one more than MIBI
dual-phase planar scanning did, and, thanks to the detailed
information it gave regarding the relationship of the lesions
to anatomical landmarks (which neither SPECT alone nor
planar imaging provides), it allowed their rapid intraoper-
ative localization.

Figure 3 illustrates the case of one sHPT patient with
recurrent disease who had two ectopic hyperplastic para-
thyroid glands precisely located by SPECT/CT.

Chroustova et al. [43] assessed the effectiveness of early
and delayed MIBI SPECT/CT and 3D subtraction **™Tc-
pertechnetate SPECT in a series of 61 patients with sHPT
due to chronic renal disease. MIBI SPECT studies were
evaluated visually using the volume rendering method and
semi-quantitatively by 3D subtraction of **™Tc-pertech-
netate SPECT from early MIBI SPECT. Of the 61 patients,
40/61 (66 %) gave positive findings, with solitary lesions
detected in 22 patients and more than one lesion in the
other 18, while 16 of these 40 patients (40 %) underwent
surgery.

Zhen et al. [44] evaluated the role of MIBI dual-phase
planar scanning followed by SPECT/CT in the detection of
parathyroid glands for guiding operative therapy. Their
series comprised 90 patients with SHPT undergoing he-
modialysis for chronic renal disease, all with PTH serum
levels >600 pg/mL. A total of 310 glands were surgically
removed after total or subtotal parathyroidectomy. The
sensitivity, specificity, and accuracy of SPECT/CT in
detecting parathyroid glands were 78.9, 100, and 78.9 %,
respectively, compared with 55.6, 100, and 55.6 % for
planar scanning. The average number of lesions detected
on SPECT/CT was significantly higher than the average
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Fig. 1 Patient affected by pHPT with an ectopic mediastinal
parathyroid adenoma. Parathyroid dual-tracer (99mTc—pertechnetate/
MIBI) planar scanning a, b, ¢ revealed a focal area of faint increased
uptake of radiotracer in the mediastinum (arrows), more evident in
the thorax MIBI view. The focal area was also evident on SPECT d in
the coronal, sagittal, and transverse projections (arrows), but only

number detected on planar scanning (3.92 versus 2.84,
P < 0.05). Moreover, the average longitudinal diameter
and average weight of the parathyroids detected by
SPECT/CT were significantly smaller than the corre-
sponding values detected by planar scanning (9.4 £ 0.7
versus 14.1 &+ 0.8 mm and 1,027 + 98 versus
1,321 4+ 104 mg, respectively). Furthermore, compared
with planar scintigraphy, SPECT/CT also more accurately
depicted the precise location of lesions.

The same authors [45] subsequently compared the pre-
operative diagnostic value of early and delayed MIBI
SPECT/CT in a series of 80 patients with the same clinical
characteristics as those included in the previous study. The
number of lesions detected on early SPECT/CT was similar
to the number of lesions evident on delayed studies (3.57
versus 3.55), while the specificity value was the same
(100 %) for both time points. SPECT/CT showed positive
findings only in the early phase in 7/80 cases, while it
showed positive findings only in the delayed phase in a
further six cases. The authors thus concluded that both

@ Springer

SPECT/CT fusion images e with anatomical landmarks were able to
precisely define lesion depth and relationship to adjacent structures,
localizing the adenoma in the anterosuperior mediastinum, behind the
left segment of the manubrium of the sternum and adjacent to the
aortic arch (arrows). The exact localization of the ectopic adenoma
was confirmed at surgery (color figure online)

early and delayed SPECT/CT should be performed in the
preoperative evaluation of hemodialysis patients with
sHPT due to chronic kidney disease.

SPECT/CT in patients with previous neck surgery

In addition to sporadic cases included in some of the
studies reported above, selected series of patients with HPT
and a history of neck surgery (parathyroidectomy and/or
thyroidectomy) have been studied with SPECT/CT. Gar-
cia-Talavera et al. [46] reported a single case of a patient
with a neck ectopic parathyroid adenoma that, after several
surgical operations and imaging tests had given no signif-
icant findings, was finally clearly visualized on early MIBI
SPECT/CT in the retropharyngeal space. The adenoma,
causing persistent pHPT, was successfully treated. In this
specific case, planar scanning was inconclusive, showing a
focal area of increased MIBI uptake in the right sub-
mandibular region in the early phase which disappeared on
delayed imaging.
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Fig. 2 Patient affected by pHPT with a surgically proven neck
parathyroid adenoma. Parathyroid dual-tracer (**™Tc-pertechnetate/
MIBI) planar scan a, b showed a focal area of increased uptake
corresponding to the adenoma (arrow), confirmed by SPECT c in the
coronal, sagittal, and transverse projections (arrows). However, only

Another case of persistent pHPT was reported by Gou-
veia et al. [47], who described a patient with a thoracic
ectopic parathyroid adenoma that appeared as a focal area
of increased uptake within the mediastinum on dual-phase
planar MIBI scan and was precisely localized in the aor-
topulmonary window on SPECT/CT.

Papathanassiou et al. [48] studied four patients with
HPT and prior neck surgery (parathyroidectomy in 2/4
cases and thyroidectomy in 2/4 cases) which had failed to
cure the HPT. MIBI SPECT/CT successfully localized the
abnormal glands, including an uncommon anterior location
of the parathyroid gland and thus allowed efficient surgical
treatment, without complications and with a relatively
short operation time.

Schalin-Jéntti et al. [49] compared the performance of
dual-tracer planar '*’I/MIBI scintigraphy, SPECT/CT, ''C-
methionine PET/CT, and selective venous sampling (SVS)
in a series of 21 patients with pHPT referred for reopera-
tion because of persistent disease. Eighteen (86 %) of the
21 patients were biochemically cured after the operation.
Nineteen parathyroid glands (9 adenomas, 1 atypical

SPECT/CT d fusion images defined the depth of the hyperfunctioning
parathyroid gland and added anatomical information that precisely
localized it (arrows) in the inferior region of the neck, anteriorly,
specifically in the right paratracheal region, below the inferior pole of the
right thyroid lobe (inferior parathyroid adenoma) (color figure online)

adenoma, and 9 hyperplastic glands) were removed from
17/18 patients, while the histology results in the remaining
patient, who was biochemically cured, were unclear. The
accuracy in localizing a pathological parathyroid gland to
the correct side of the neck was 59 % for planar scanning,
19 % for SPECT/CT, 65 % for PET/CT, and 40 % for
SVS. In the 3/21 patients who were not cured, preoperative
planar scanning and SPECT/CT continued to give negative
results, SVS was false negative in all of them and Hee
methionine PET/CT in one. PET/CT accurately revealed
the pathological gland in 4/8 (50 %) patients with negative
planar scintigraphy, and all of these were biochemically
cured after reoperation. The authors concluded that '**1/
MIBI planar scanning performs well in persistent HPT
patients and that it is recommended as the first-line imaging
procedure before reoperation. ''C-methionine PET/CT
provides valuable additional information if '**I/°*™Tc-se-
staMIBI planar scans remain negative, whereas SPECT/CT
and SVS provide no additional information compared with
the combined results of '**I/MIBI planar scintigraphy and
"'C-methionine PET/CT.
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Fig. 3 Patient affected by sHPT with recurrent disease already
submitted to parathyroidectomy. Parathyroid dual-tracer (**™Te-
pertechnetate/MIBI) planar scanning a, b revealed two focal areas
of increased uptake in the neck below the inferior poles of the thyroid
gland (arrows). SPECT ¢, in coronal, sagittal, and transverse

Wimmer et al. [50] prospectively studied 28 consecutive
patients, 21 with previous thyroidectomy and seven with
previous parathyroidectomy, comparing MIBI SPECT/CT
with SPECT alone. Image fusion was able to predict the
exact position of the abnormal gland in 24/28 patients
(86 %), whereas SPECT did so in only 12/28 cases (43 %,
P < 0.004). SPECT/CT detected all three pathological
glands located in an ectopic position, whereas SPECT
detected only one of them. The specificity was 97 % for
SPECT/CT and 92 % for SPECT alone, while the overall
accuracy was 95 % for SPECT/CT and 81 % for SPECT.
Differently to all the other studies cited above, the CT
component employed in this latter study was highly diag-
nostic since it was acquired after infusion of contrast
medium. CT and SPECT datasets were acquired separately
and then fused by means of special image fusion software
allowing a “virtual neck exploration” by showing the
suspected gland three-dimensionally in relationship to
anatomical landmarks. The same authors also used this
acquisition protocol in selected series of patients with
single-gland disease or MGD at their first surgical explo-
ration [51, 52], comparing SPECT/CT image fusion with
CT and SPECT alone. These studies provided evidence that
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projections, better defined the two areas (arrows), but only SPECT/
CT d fusion images with anatomical landmarks precisely localized
the lesions behind the right sternoclavicular and the left parasternal
regions, respectively, where two ectopic hyperplastic glands mixed
with thymic tissue were found at surgery (color figure online)

SPECT/CT is superior to the other two diagnostic proce-
dures for the preoperative localization of enlarged para-
thyroid glands.

Summary

Hybrid SPECT/CT imaging is playing an increasingly
important role in nuclear medicine in several oncological
and non-oncological fields as it can improve the diagnostic
accuracy of conventional scintigraphic techniques and
impact on patient management [53-57]. This paper has
focused on the clinical role of SPECT/CT in patients with
HPT, highlighting the certainties and the controversies
emerging from a review of the literature dealing with this
specific setting. SPECT/CT is clearly superior to both
conventional planar parathyroid scintigraphy and SPECT
for the anatomical localization of abnormal parathyroid
glands and thus facilitates their surgical treatment. This fact
has considerable implications for patients with primary
HPT scheduled to undergo minimally invasive parathy-
roidectomy. The HPT patients found to benefit most from
SPECT/CT are those with ectopic adenomas, mainly in the
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mediastinum, and those with previous neck surgery. In
some studies, SPECT/CT has also demonstrated a higher
sensitivity than that of conventional imaging methods,
especially in the detection of low-weight parathyroid ade-
nomas and in the presence of concomitant nodular goiter. In
other studies, SPECT/CT also proved more specific, with
anatomical CT data helping in the correct categorization of
MIBI-avid non-parathyroid lesions as thyroid nodules or
artifacts. No definitive conclusions on the clinical value of
SPECT/CT in patients with secondary HPT and MGD can
be drawn due to the small number of studies thus far con-
ducted in this specific context, but the current available data
nevertheless seem to suggest that fusion imaging is able to
detect a significantly higher number of hyperplastic glands
than planar scanning can. Considering the relatively high
rate of first surgery failure in patients with sHPT, the
employment of preoperative parathyroid scintigraphy in
combination with SPECT/CT should probably be consid-
ered not only in cases with previous neck surgery, but also
in those at their first surgical operation to increase the
possibility of localizing ectopic or supernumerary glands,
allowing the surgeon to adopt a selective surgical approach
and reduce surgical failure.

SPECT/CT has been included in dual-tracer and in
single-tracer dual-phase parathyroid scintigraphic proto-
cols, in the latter protocol in the early phase, the delayed
phase, or both. There is no certainty regarding the superi-
ority of one methodology over the other (single versus
dual-tracer protocol). However, in the single-tracer proto-
col, dual-time acquisition seems to perform better than
single-time acquisition, especially when combining early
SPECT/CT with any delayed method (SPECT/CT, SPECT,
or planar imaging) [30, 31]. Thus, in the dual-phase pro-
tocol, to limit patient exposure from the CT component,
SPECT/CT can be acquired only at a single time point,
preferably the early phase. On the other hand, a low-dose
CT, such as that employed in the majority of studies
reported in the literature, with estimated CT doses ranging
from 0.1 to 2 mSv according to the volume scanned
(limited to the neck or including both neck and thorax) and
the device used for image acquisition, appears sufficient for
the anatomical depiction of SPECT lesions and for atten-
uation correction [58].

It can be concluded, on the basis of the literature data,
that SPECT/CT plays an important role in the preoperative
localization of hyperfunctioning parathyroid glands. Thus,
it should be included in parathyroid scintigraphy protocols
as a complementary tool to conventional planar scanning.
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